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PREFACE

The National Highway Traffic Safety Administration (NHTSA), in conjunction with the
Research and Special Programs Administration Volpe National Transportation Systems Center
(Volpe Center), is conducting an analysis of off-roadway crashes in support of the Intelligent
Vehicle Initiative IVI). The IVI accelerates the development and deployment of vehicle-based
and vehicle-infrastructure cooperative crash countermeasures using intelligent technologies over
seven problem areas: rear-end, off-roadway, lane change, crossing paths, driver impairment,
reduced visibility, and vehicle instability crashes.

This report presents the results obtained for the analysis of off-roadway crashes based on
statistics from the 1998 National Automotive Sampling System (NASS)/General Estimates
System crash data base and a sample of crashes from the 1993 NASS Crashworthiness Data
System. Approximately 1,350,000 vehicles were involved in police-reported off-roadway
crashes in the United States in 1998.

The authors of this report are Wassim Najm, Jonathan Koopmann, and Linda Boyle of the Volpe
Center, and David Smith of NHTSA.

The authors acknowledge the technical contribution of Frank Foderaro and Paul Schimek of the
Volpe Center. Also acknowledged are August Burgett of NHTSA, Daniel Cohen of MitreTek,
and John Hitz of the Volpe Center for reviewing the report and providing valuable comments.
Kate Klotz of Planners Collaborative edited the report.
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EXECUTIVE SUMMARY

This report defines the problem of off-roadway crashes and provides a basis for related future
research in the U.S. Department of Transportation’s Intelligent Vehicle Initiative, proposing a set
of crash-imminent scenarios based on crash data to objectively test countermeasure systems at
the vehicle-system level. Off-roadway crashes are defined as vehicular crashes in which the first
harmful event happened off the travel portion of the roadway. Crash-imminent scenarios refer to
driving situations that require certain action (e.g., warning signal) by the countermeasure system.

This report presents the results from an analysis of off-roadway crashes based on data from the
National Highway Traffic Safety Administration National Automotive Sampling System/General
Estimates System (GES) crash data base. In 1998, police-reported off-roadway crashes involved
nearly 1,350,000 vehicles. This report targets approximately 992,000 crashes with the critical
event characterized by roadway edge departure or control loss, excluding crashes resulting from
evasive maneuvers and vehicle control loss due to vehicle failure. Six pre-crash scenarios were
identified and described in terms of their physical setting, contributing factors, and post roadway
departure events. Information on pre-crash scenarios and their physical setting, contributing
factors, and environmental conditions help to develop performance guidelines and objective test
procedures for crash avoidance systems. This report analyzed causal (speeding, alcohol or drugs,
hit and run, impairment, distraction) and environmental factors (daylight/dark) that might have
contributed to 62 percent and 38 percent, respectively, of target off-roadway crashes.

The 1998 GES statistics and a sample of crashes from the 1993 Crashworthiness Data System
were utilized to develop a set of crash imminent scenarios to objectively test potential off-
roadway crash countermeasure systems for intelligent light vehicle applications. Pre-crash
scenarios formed the basis for these test scenarios that were then distinguished by roadway type
(freeway/non-freeway), number of lanes (two), and relation to junction (non-
junction/intersection). This report also recommended test values for the radius of roadway
curvature and the width of shoulder. In addition, a range of vehicle travel speeds and
environmental conditions were proposed to better describe these scenarios. Objective test
procedures normally include crash imminent test scenarios and operational scenarios. The
former scenarios are used to assess the capability of countermeasures to take action in driving
situations that require a system response. The latter scenarios are devised to evaluate the
capability of countermeasures to not react in driving situations that do not lead to imminent
crashes. This report did not address operational scenarios that remain to be investigated in future
research.






1. INTRODUCTION

This report presents the results from an analysis of off-roadway crashes based on data from the
National Automotive Sampling System (NASS)/General Estimates System (GES) crash data
base of the National Highway Traffic Safety Administration (NHTSA). These results form the
basis for the development of crash-imminent scenarios to test applicable off-roadway crash
countermeasure systems. Off-roadway crashes are defined in this report as those where the first
harmful event occurs off the roadway after a vehicle in transport departs the travel portion of the
roadway. Crash-imminent scenarios refer to driving situations that require certain action (e.g.,
warning signal) by the countermeasure system. This report consists of two major parts. The first
part defines the problem of off-roadway crashes and provides a basis for related future research
in the U.S. Department of Transportation’s Intelligent Vehicle Initiative (IVI). The second part
proposes a set of crash-imminent scenarios based on crash data to objectively test
countermeasure systems at the vehicle-system level (i.e., driver condition not included).

The IVI is focused on solving traffic safety problems through the development and deployment
of vehicle-based and vehicle-infrastructure cooperative countermeasure systems using advanced
technologies (Reference 1). There are seven problem areas under consideration in the IVI
including rear-end, off-roadway, lane change, crossing paths, driver impairment, reduced
visibility, and vehicle instability crashes. Research in these crash problem areas is being
performed in the context of four vehicle platforms that include light vehicles (passenger cars,
sport utility vehicles, vans, and pickups), commercial vehicles (large trucks—-medium and heavy
trucks), transit vehicles (buses, but not school buses), and emergency vehicles (police, fire,
ambulance, snow plows, and other roadway maintenance vehicles). The first part of this report
provides crash statistics for all vehicles involved in off-roadway crashes. Appendices A and B
contain off-roadway crash statistics for light and commercial vehicles, respectively. It should be
noted that light vehicles comprise almost 93% of all vehicles in the U.S. vehicle fleet and thus
off-roadway crash statistics for all and light vehicles are often very similar. This report does not
include statistics on off-roadway crashes involving transit and emergency vehicles due to the
very small relative frequency of this crash type in both vehicle platforms.

The first part of this report analyzes off-roadway crashes for all vehicles and focuses on a
selected portion (target) of these crashes to enable the development of concepts, functional
requirements, performance guidelines, and test procedures as well as the safety assessment of
potential off-roadway crash avoidance systems. This analysis of off-roadway crashes began with
the selection of target crashes and followed with the breakdown of these crashes into common
pre-crash scenarios that represented vehicle dynamics prior to leaving the roadway. These
scenarios formed the foundation to statistically describe the physical setting of these target off-
roadway crashes, the factors that might have contributed to the cause of the crash, and post
roadway departure events such as departure side of the road, first harmful event, and maximum
injury severity. The combination of causal factors and pre-crash scenarios allows the
development of crash countermeasure concepts and essential functional requirements (Reference
2, 3). Information on pre-crash scenarios and their physical setting helps to develop performance
guidelines and objective test procedures (including test scenarios) for crash avoidance systems
(Reference 4, 5). Such information also guides researchers to collect the appropriate data on



driver performance with and without the assistance of crash avoidance systems. Such data are
essential to the design of effective warning algorithms and driver-vehicle interfaces, and
estimation of safety benefits for crash avoidance systems (Reference 6). Finally, the first
harmful event and injury severity statistics support the projection of safety benefits in terms of
injury severity reduction that might be accrued by the use of off-roadway crash countermeasure
systems (Reference 7).

The second part of this report utilizes national crash statistics to devise crash-imminent scenarios
for objective testing of IVI off-roadway crash countermeasure systems. Moreover, this approach
is applied to develop a set of scenarios to objectively test potential IVI off-roadway
countermeasures for light vehicles based on their respective crash statistics. It is noteworthy that
crash-imminent test scenarios are generally platform specific since crash characteristics may be
different among vehicle platforms. Pre-crash scenarios and their physical setting, vehicle speed,
and environmental conditions constitute the fundamental pieces of information required for the
development of crash-imminent test scenarios.

1.1 PREVIOUS WORK

Previous studies have used the NHTSA’s GES and NASS Crashworthiness Data System (CDS)
crash data bases to analyze single vehicle roadway departure crashes. The 1991 GES was used
to assess the problem size and describe the conditions of these crashes (Reference 8). This crash
type was defined as a single vehicle departing the roadway and then crashing off the roadway,
excluding single vehicles backing up prior to roadway departure and single vehicles hitting a
pedestrian or animal off the roadway. The size of these crashes was determined from the GES
using codes 01-12 and 14-16 of the Accident Type variable and codes 2—4 of the Relation to
Roadway variable. The Accident Type variable categorizes the pre-crash situation. The Relation
to Roadway variable indicates the location of the first harmful event. Based on 1991 statistics,
the single vehicle roadway departure crash accounted for 1,270,000 crashes or 20.8% of all 'U.S.
police-reported crashes.

Using the same definition mentioned above, single vehicle roadway departure crashes were
analyzed to derive functional requirements of potential countermeasures as part of a project to
develop performance specifications for vehicle-based run-off-road crash countermeasure systems
(Reference 9). Based on 1992 GES estimates, this crash type totaled 1,210,000 crashes or 20.2%
of all U.S. police-reported crashes. In addition, primary causal factors were identified for these
target crashes based on a detailed analysis of 201 crash cases drawn from the 1993 CDS crash
data base (Reference 9). Causal factors were arranged in six distinct categories: driver
inattention, driver relinquished steering control, evasive maneuver, lost directional control,
vehicle failure, and vehicle speed. These causal categories constituted the off-roadway crash
scenarios that were further described using variables such as attempted avoidance maneuver,
road horizontal alignment (curve or straight), road surface condition, and lighting condition. A
similar causal factor analysis of single vehicle off-roadway crashes was conducted in an earlier
project based on 100 crash cases selected from the 1991 CDS (Reference 10). Primary causal
factors were also grouped under the same six categories, mentioned above, and delineated by the
road horizontal alignment.



This report enhances the analysis of off-roadway crashes in comparison to past analyses by
providing platform specific and infrastructure-based crash statistics to enable the development of
vehicle-based and cooperative vehicle-infrastructure countermeasure systems for the various IVI
vehicle platforms. In addition, this new analysis differs from past analyses by describing off-
roadway crashes based on distinct pre-crash scenarios that deal with vehicle movements
immediately prior to departing the road. Finally, this report adopts a new approach based on
deductive reasoning to determine dominant factors that might have contributed to the cause of
the crash. This approach is an alternative to the primary causal factors obtained by past analyses
that used small, non-representative samples of crash cases from the CDS.

1.2 ANALYSIS DATA BASES

This analysis utilized the 1998 GES crash data base to define and statistically describe the
problem of off-roadway crashes for all and light vehicles (Reference 11,12). The 1996-1998
GES crash data bases were used to statistically describe off-roadway crashes that involved
commercial vehicles. Three years of GES data were needed to attain a large enough sample of
commercial vehicle crash cases to produce representative values in all categories. The GES
constitutes a part of NHTSA’s NASS crash data collection. Providing data about all types of
crashes involving all types of vehicles, the GES is used to identify highway safety problem areas,
supply a foundation for regulatory and consumer information initiatives, and form the basis for
cost and benefit analyses of highway safety initiatives. The GES is a nationally representative
sample of police reported crashes collected from about 400 police agencies within 60
geographical sites in the U.S. Each year, about 50,000 police accident reports are selected and
coded directly in the GES by trained personnel who check the data for validity and consistency.

In addition to the GES, a sample of 201 crash files from the 1993 CDS was used to obtain
information about the radius of roadway curvature and characteristics of roadway shoulders.
Such information was needed in the second part of this report to describe a set of crash imminent
test scenarios for light vehicle off-roadway crash countermeasure systems. This analysis did not
generalize the national profile of crash statistics about roadway curvature and shoulder
characteristics from the 1993 CDS sample. The CDS is a nationally representative sample of
5,000 police-reported crashes involving at least one light vehicle that was towed from the crash
scene due to damage from the crash. The CDS crash cases provide a rich body of data that
enable researchers to reconstruct crashes, identify the exact details of the surrounding
environment, and analyze causal factors. Generally, CDS cases include police accident reports,
driver and witness statements, scaled schematic diagrams depicting crash events and physical
evidence generated during the crash sequence, and slides documenting vehicles, damage
sustained, and other physical evidence.






2. DEFINITION OF OFF-ROADWAY CRASHES

The universe of off-roadway crashes is defined as all vehicular crashes in which the first harmful
event happened off the roadway. The roadway refers to the portion of the highway normally
used for vehicular travel (the travel lanes). The Relation to Roadway variable identifies such
crashes in the GES crash data base. Off-roadway crash locations include the shoulder or parking
lane, the median, the channel island, and any location that is not in the travel lanes of a roadway.
Islands refer to the areas between traffic lanes for control and guidance of vehicle movements,
which may be provided for separation and special control of turning maneuvers. Based on 1998
GES statistics, the universe of police-reported off-roadway crashes involved about 1,350,000
vehicles or 12% of all vehicles involved in the entire 1998 crash population. National estimates
produced from GES data may differ from the true values because they are based on a probability
sample of crashes and not a census of all crashes. The size of these differences may vary
depending on which sample of crashes was selected. Generalized standard errors for estimates
of totals are provided in Reference 11. The standard error of an estimate is a measure of the
precision or reliability with which an estimate from the GES sample approximates the results of
a census. The 1998 GES crash standard error is 400 for a vehicle estimate of 1,000 and 63,200
for a vehicle estimate of 1,000,000. The 95% confidence interval for the estimate of 1,350,000
vehicles involved in off-roadway crashes would be approximately 1,183,000 to 1,517,000
vehicles in 1998.

2.1 TARGET CRASH POPULATION

Figure 1 shows the distribution of the off-roadway crash universe based on the GES Accident
Type and Critical Event variables. The Critical Event variable identifies the critical event that
made the crash imminent. Figure 1 identifies four major crash categories by arranging the codes
of the Accident Type variable as follows: '

e No impact: Code 00

e Single vehicle crash: Codes 01 - 16

e Backing crash: Codes 92 - 93

e Other crash type: Remaining codes

The “no impact” crash category identifies non-collision events such as fire or immersion. The
“single vehicle crash” category involves a collision between a vehicle in transport and an object.
A collision involving two vehicles in transport is excluded from this crash category. The
“backing crash” involves a vehicle that backs into another vehicle or object. The “other crash
type” category encompasses all remaining crash categories defined in the Accident Type variable
such as rear-end, lane change, crossing paths, and untripped rollover crashes. Based on 1998
GES estimates, about 1,170,000 vehicles involved in off-roadway crashes, or 86.7% of these
crashes as seen in Figure 1, belonged to the “single vehicle crash” category, while 88,000 or
6.5% were coded as being “other crash type.” A total of 1,170,000 light vehicles were involved
in “single vehicle” and “other” off-roadway crashes, or 93.5% of all light vehicles reported in
off-roadway crashes in 1998 as indicated in Figure A-1. On the other hand, commercial vehicles
were involved in about 186,000 “single vehicle” and “other” off-roadway crashes over a 3-year



period from 1996-1998 based on GES data. Thus, commercial vehicles experienced an annual
average of about 62,000 single vehicle and other off-roadway crashes in 1996-1998 as shown in
Figure B-1.

PR Off-Roadway Crashes
1,350,000 Vehicles

1 1 1 —
Single Vehicle Crash Backing Crash Other Crash Type No Impact
86.7% 6.6% 6.5% 0.2%
| | Edge Departure Evasive Maneuven
73.7% ] 62.4%

| _|[Evasive Maneuver]

24.6%
| {Evasive Maneuvery || Control Loss
15.2% 1.1%
|| Vehicle Failure | || Vehicle Failure | | | Vehicle Failure
2.8% 0.5% 1.8%

Figure 1. Distribution of Off-Roadway Crashes Involving All Vehicles
(Based on 1998 GES)

Similarly, the codes of the Critical Event variable were grouped into four categories as indicated
in Figure 1:

e Vehicle failure: Codes 010 - 040
e Control loss: Codes 050 - 060
e Edge departure: Codes 100 - 199
e Evasive maneuver: Remaining codes

The “vehicle failure” event category refers to a vehicle component failure leading to control loss,
such as blow out/flat tire or stalled engine. The “control loss” event category indicates speed-
related control loss crashes due to excessive speed or speedin g on poor road conditions.

Vehicles traveling over the right or left edge of the roadway or simply departing an end of a
roadway (T-shape) are included in the “edge departure” category. The “evasive maneuver”
event category consists of situations where a driver attempted to avoid another vehicle, object,
animal, pedestrian, or pedalcyclist on the roadway and deliberately drove off the road. As
observed in Figure 1, the “edge departure” and “control loss” events were reported in 82.0% of
the “single vehicle” crash category. The “edge departure” event was dominant at 73.7% of the



“backing” crash category. Conversely, the “evasive maneuver” event was the most prevalent
and comprised 62.4% of the “other crash type” category, while “control loss” and “edge
departure” accounted for 21.1% and 14.8% respectively.

In this analysis, the target population of off-roadway crashes was restricted to crashes where the
involved vehicle was moving in the forward direction and the critical event was characterized by
roadway edge departure or control loss, as indicated in the shaded blocks of Figure 1. This
analysis excluded off-roadway crashes that resulted from control loss due to “vehicle failure”
from the target population because this type of control loss might be amenable to IVI crash
countermeasures under consideration in the vehicle instability problem area. Potential
countermeasures for crashes caused by vehicle failure would encompass vehicle component
diagnostic systems such as tire pressure monitors. In addition, off-roadway crashes due to an
“evasive maneuver” were removed from the target crash population since the driver, in these
cases, is deliberately moving off the roadway in order to avoid an obstacle on the road. Off-
roadway crashes preceded by a backing maneuver were also excluded since the backing crash
type is not part of the IVI. With these restrictions, the target crash population was estimated at
992.000 vehicles or 73.5% of all vehicles involved in off-roadway crashes based on 1998 GES
estimates. The target crash population of light vehicles amounted to about 925,000 vehicles or
73.9% of all light vehicles involved in off-roadway crashes in 1998 as deduced from Figure A-1.
Similarly, Figure B-1 provides an estimate of 136,000 target off-roadway vehicle crashes or
64.5% of all commercial vehicles involved in off-roadway crashes between 1996 and 1998,
averaging about 45,000 crashes yearly over this 3-year period.

2.2 PRE-CRASH SCENARIOS

The target crash population was divided into six pre-crash scenarios based on a combination of
the GES Critical Event, Movement Prior to Critical Event, and Imputed Roadway Alignment
variables. The Movement Prior to Critical Event variable records the attribute that best describes
the vehicle’s activity prior to the driver’s realization of an impending critical event, or just prior
to impact, if the driver took no action to attempt any evasive maneuver. The Imputed Roadway
Alignment variable indicates the horizontal alignment of roadway in the immediate vicinity of
the first harmful event, excluding “unknown” values. These scenarios qualitatively represent the
dynamics of the vehicle immediately prior to leaving the roadway. Table 1 defines the most
common scenarios of off-roadway crashes involving all vehicles and shows statistics in a
descending order concerning their frequency of occurrence and their frequency relative to the
total target crash population.

Approximately 956,000 vehicles, or 96.3% of the target crash population, were involved in six
most common off-roadway pre-crash scenarios based on 1998 GES statistics. These crashes are
referred to as “target off-roadway crashes” for the remainder of this report. Table 2 provides the
95% confidence bounds on GES estimates of crash counts for each of the six pre-crash scenarios.
The classification of these six pre-crash scenarios is needed as a basis for the development of
performance guidelines and objective test procedures for appropriate countermeasure systems,
and for the collection of driver performance data with and without the assistance of these
systems to design better warning algorithms and driver-vehicle interfaces and to assess their
impact on safety.



Table 1. Target Off-Roadway Pre-Crash Scenarios for All Vehicles

(Based on 1998 GES)
Cumuilative
lati Cumuilati
Pre-Crash Scenario Frequency Re a::'e * :n ve Relative
Juene Jeney Frequency*
Going straight and departed road edge 348.000 35.1% 348.000 35.1%
Going straight and lost control 218.000 21.9% 566.000 57.0%
Negotiating a curve and lost control 162.000 16.3% 728.000 73.3%
Negotiating a curve and departed road edge 111,000 11.2% 839.000 84.6%
Initiating a maneuver and departed road edge 66.000 6.6% 905.000 91.2%
[Initiating a maneuver and lost control 51.000 5.1% 956,000 96.3%

*Scenario crash frequency relative to the frequency of target crash population (992,000)
Note: Frequency values are rounded to the nearest 1,000.

Table 2. 95% Confidence Bounds of Target Off-Roadway Pre-Crash Scenario Counts for
All Vehicles (Based on 1998 GES)

. Lower 95 % Upper 95 %
Pre-Crash Scenario Frequency | Gonfidence Bound | Confidence Bound

Going straight and departed road edge 348,000 301,000 395,000
Going straight and lost control 218,000 187,000 249,000
Negotiating a curve and lost control 162,000 138,000 186,000
Negotiating a curve and departed road edge 111,000 93,000 129,000
Initiating a maneuver and departed road edge 66,000 54,000 78,000

Initiating a maneuver and lost control 51,000 41,000 61,000

Total] 956,000 837,000 1,075,000

The largest frequency reported for the vehicle’s movement prior to the critical event was simply
“going straight,” which accounted for about 57.0% of all target off-roadway crashes as seen in
Table 1. The next most common movement was “negotiating a curve” that was reported in about
27.5% of all target off-roadway crashes. About 11.7% of all target off-roadway crashes
involving all vehicles were grouped together by pre-event vehicle movement as “initiating a
maneuver.” Table 3 indicates that approximately 75,000 vehicles in 64.3% of all target
“initiating a maneuver” crashes were making a turn before departing the road edge or losing
control based on 1998 GES statistics. Moreover, about 27,000 vehicles in 22.8% of these
crashes ran off the road while overtaking another vehicle, changing lanes, merging, or
decelerating in a traffic lane. About 14,000 vehicles in 12.8% of these crashes were reported to
depart the roadway in 1998 while initiating maneuvers to enter or leave a parking space or start
in a traffic lane.



Table 3. Distribution of Vehicle Movements in “Initiating a Maneuver” Pre-Crash
Scenarios (Based on 1998 GES)

Vehicle Maneuver
. Passing or . Cumulative
- Total
Pre-Crash Scenario Turning | Changing | Parking Slowmtg or Merging | Starting ° Total
Stopping
Lanes

Initiating a maneuver and 65.1% 9.6% 19.6% 38% 0.7% 12% |1000%| 66,000
departed road edge
i‘;’,‘,‘ﬁﬁ,’fg amanewverandlost | 5 5, 20.8% 1.0% 10.7% 2.8% 14% |[1000%| 51,000

Averagel 64.3% 14.4% 11.5% 6.8% 1.6% 1.3% 100.0%

Cumutative Total] 75,000 17,000 13,000 8,000 2,000 1,000 116,000 |

2.3 PHYSICAL SETTING

The physical setting of the six most common scenarios of target off-roadway crashes was
described in terms of the roadway type (freeway/non-freeway), land use (rural/urban), relation to
a junction, number of travel lanes, and posted speed limit using variables that were available in
the 1998 GES. These combined variables describe the physical circumstances of the crash,
insofar as this is possible using available GES variables.

2.3.1 RoOADWAY TYPE

The GES Trafficway Flow and Hotdeck Imputed Speed Limit variables were utilized to identify
the location of off-roadway crashes on freeways and non-freeways. Unfortunately, the 1998
GES does not contain any variable that directly identifies the roadway type such as freeway or
arterial. Freeways were then defined in this report as divided highways (e.g., median strip or
barrier) with posted speed limits greater than or equal to 55 mph. The Trafficway Flow variable
indicates whether or not the roadway was divided. The Hotdeck Imputed Speed Limit variable
refers to the statutory speed limit posted for the roadway, excluding “unknown” speed limits.
Based on our freeway definition, 14.6% of all target off-roadway crashes occurred on freeways
(see Table 4). Approximately 58.1% of target off-roadway crashes on freeways were reported on
“interstate highways.” This information was obtained from the GES Interstate Highway variable
that indicates whether or not the crash occurred on an interstate highway based on a Federal
Highway Administration classification. The remaining 41.9% of target off-roadway crashes on
freeways occurred on state or local freeways.

The majority, or 85.4% of all target off-roadway crashes happened on non-freeways. Of these
non-freeway crashes, about 90.1% occurred on undivided roadways based on 1998 GES
statistics. Divided roadways with posted speed limits below 55 mph were reported in the
remaining 9.9% crashes. The distinction between freeways and non-freeways is important for
the development of the sensory element and effectiveness of target off-roadway crash
countermeasure systems. Countermeasure systems might require more sophisticated sensors and
more robust operation on non-freeways than freeways because, generally, the geometric design
and lane delineation are inferior on non-freeways. Moreover, the maintenance of the roadway
surface and the travel advisories are usually better on freeways than non-freeways.



Table 4. Distribution of Target Off-Roadway Pre-Crash Scenarios by Roadway Type for
All Vehicles (Based on 1998 GES)

Non-Freeway Freeway
Pre-Crash Scenario Relative Relative
Frequency Frequency

Frequency Frequency

Going straight and departed road edge 307,000 37.6% 41,000 29.4%
Going straight and lost contro} 159,000 19.5% 59,000 42.1%
Negotiating a curve and lost control 141,000 17.3% 21,000 15.1%
Negotiating a curve and departed road edge 104,000 12.7% 8,000 5.4%
Initiating a maneuver and departed road edge 63,000 7.7% 3,000 2.0%
Initiating a maneuver and lost control 42,0000  52% 8,000 6.0%
Total] 816,000 100.0%] 139,000] 100.0%

As seen in Table 4, the ranking order of the six most common target off-roadway crash scenarios
in terms of their frequency of occurrence is different between non-freeways and freeways. The
most dominant pre-crash scenario on non-freeways was “going straight and departed road edge”
while the “going straight and lost control” pre-crash scenario was the most prevailing on
freeways. About 58.0% of all vehicles involved in target off-roadway crashes on non-freeways
departed the road edge while the remaining 42.0% lost control. On the contrary, about 63.2% of
all vehicles involved in target off-roadway crashes on freeways lost control while the remaining
36.8% departed the road edge. This discrepancy in the results between freeways and non-

freeways might be due to higher vehicle travel speeds on freeways.
2.3.2 LAND USE AND RELATION TO JUNCTION

Crash statistics on land use (rural and urban locations) and relation to Jjunction were derived from
the 1998 GES Land Use and Imputed Relation to Junction variables. The former variable is
based on the population figures of the jurisdiction in which the crash occurred, taken from the
1994 County and City Data Book published by the U.S. Census. Areas with population of
50,000 and more were coded as “urban” for this study. Areas with population of less than
50,000 (including areas not listed in the County and City Data Book) were coded as “rural.”
Rural/urban crashes were further divided based on their location relative to junction based on the
GES Imputed Relation to Junction variable. This variable indicates whether or not the location
of the first harmful event occurred within or outside the boundaries of an interchange. The term
“junction” includes intersections, intersection approaches, driveways, ramps, and similar areas
(Reference 12). This report classifies non-junctions that were not part of interchanges as “non-
junction,” combines intersection and intersection-related into the “intersection” category, keeps
driveways and expressway entrance and exit ramps as separate categories, and groups all
remaining categories as “other.”

Based on 1998 GES estimates, approximately 535,000, or 65.6% of all target off-roadway
crashes on non-freeways occurred in rural areas. In contrast, about 213,000, or 26.0% of all
target off-roadway crashes on non-freeways happened in urban areas. The remaining 8.4% of all
target off-roadway crashes on non-freeways were coded as “unknown.” Table 5 breaks down the
six most common off-roadway pre-crash scenarios on non-freeways by rural/urban locations and
relation to junction. Non-junction locations were reported in about 82.1% of all target off-
roadway crashes on non-freeways. On the other hand, about 14.0% of all target off-roadway
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crashes on non-freeways occurred at intersections. Generally, the four most common pre-crash
scenarios tend to occur in rural areas away from junctions. Target off-roadway crash scenarios
characterized by “initiating a maneuver” exceptionally tend to happen at rural intersections. This
makes sense because vehicles were attempting turning maneuvers in the majority of such
crashes.

Table 5. Distribution of Target Off-Roadway Pre-Crash Scenarios on Non-Freeways by
Land Use and Relation to Junction for All Vehicles (Based on 1998 GES)

Pre-Crash Scenarios | Land Use - - Relaﬁ?nship to Junctio'n
Non-Junction | Intersection { Driveway | Ent/Exit Ramp| Other Total
;“;‘; 88.9% 8.4% 0.5% 0.6% 1.6% | 100.0%
Going Straight and (U : o)
Departed Road Edge roan 91.2% 8.1% 0.0% 0.4% 03% | 100.0%
(307,000) (38.6%)
’ Unknown
5.8%) 90.7% 7.7% 0.0% 0.0% 1.6% | 100.0%
(,g“;i/lb) 88.5% 7.5% 03% 0.5% 32% | 100.0%
Going Straight and Lost|  Urban
lcontrol (159.000) (18.4%) 79.6% 14.1% 0.0% 1.4% 49% | 100.0%
Unknown
01% 91.0% 6.2% 0.7% 0.0% 20% | 100.0%
7‘;“;} 92.4% 3.8% 0.1% 2.0% 18% | 100.0%
Negotiating a Curve (U b 0)
and Lost Control roan 75.8% 9.7% 0.0% 13.1% 15% | 100.0%
(141,000) 0.8%)
Igm"%“ 92.9% 0.8% 0.4% 5.9% 00% | 100.0%
712“;;1 96.1% 23% 0.2% 0.5% 09% | 100.0%
Negotiating a Curve (U b ]
and Departed Road a 2r ;; 86.0% 6.7% 0.6% 42% 25% | 100.0%
Edge (104,000) L8 ;’i}
© 96.8% 0.5% 0.0% 2.8% 00% | 100.0%
(9.4%)
(;“;3 30.7% 58.4% 10.8% 0.0% 00% | 100.0%
Initiating a Manuever U b o)
|and Departed Road ( 42’ 6‘3;‘ 38.0% 54.6% 6.7% 0.1% 06% | 100.0%
Edge (63,000) T 0)
wn 32% 83.0% 13.0% 0.0% 08% | 100.0%
(3.9%)
6‘;“;/1, 23.7% 67.1% 47% 2.8% 17% | 100.0%
Initiating a Manuever (U b 0)
and Lost Control roan 11.9% 77.9% 5.7% 1.4% 32% | 100.0%
(42,000) (ﬁ%)
U( 6‘9;7“)"‘ 17.9% 75.1% 3.8% 0.0% 31% | 100.0%
Averag]]  82.1% 14.0% 11% 12% 16% | 100.0%
Cumulative Total] 670,000 114,000 9,000 10,000 13,000 | 816,000
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Table 6. Distribution of Target Off-Roadway Pre-Crash Scenarios on Freeways by Land
Use and Relation to Junction for All Vehicles (Based on 1998 GES)

. Relationship to Junction
Pre-Crash Scenario | Land Ut
re cenario nd Lse Non-Junction | Intersection [ Driveway | Ent/Exit Ramp | Other Total
;“ga] : 94.3% 0.3% 0.0% 3.2% 22% | 100.0%
Going Straight and 5 .b%)
Departed Road Edge a 0’ o?;) 92.5% 0.0% 0.0% 5.5% 20% | 100.0%
(41,000) —_—
Ii;‘?g;?)“ 93.8% 1.6% 0.0% 2.4% 22% | 100.0%
(;“;L) 81.3% 1.9% 0.0% 6.6% 102% | 100.0%
i Straight and t
gg;‘:fol (Saglgoo(;’)“ Los (;JS’Z&;:) 84.9% 1.1% 0.0% 9.1% 50% | 100.0%
Ig;‘;“;‘;:")" 95.3% 0.0% 0.0% 0.4% 43% | 100.0%
(2“;]‘,) 46.5% 0.9% 0.0% 51.3% 13% | 100.0%
Negotiating a C d
L:sgtoczn?rila(zrwogo?n (gt(’)‘f;) 61.6% 3.5% 0.0% 27.7% 73% | 100.0%
Ig;‘;“;‘;w)“ 65.3% 6.7% 0.0% 28.0% 0.0% 100.0%
A ‘0
;“;1 70.3% 6.3% 0.0% 18.6% 47% | 100.0%
Negotiating a Curve and (U b 2).
Departed Road Edge (39’ 4‘;‘) 49.3% 3.1% 0.0% 45.1% 25% | 100.0%
(8,000) ——
U(’g‘;;)“)’“ 98.0% 0.0% 0.0% 2.0% 00% | 100.0%
(312“;;1 ) 79.1% 14.2% 0.0% 6.7% 00% | 100.0%
Initiating a Manuever andh U‘b =
Departed Road Edge (481- ;;) 70.5% 17.4% 0.0% 12.1% 0.0% 100.0%
(3,000) ==
I?f;“;‘;:v)“ 95.9% 0.0% 0.0% 4.1% 0.0% 100.0%
( fg“gf; , 62.8% 12.1% 6.3% 16.6% 2.2% 100.0%
. (s}
Initiating a M
L“‘O;‘taggﬁ:m (asngg‘(')‘;’r and| (gt:;’) 64.7% 16.5% 0.0% 16.3% 24% | 100.0%
'y A 0
Ii‘;kggv")m 61.6% 28.7% 0.0% 9.8% 0.0% 100.0%
Average]  79.0% 2.9% 0.0% 12.2% 50% | 100.0%
Cumulative Total] 111,000 4,000 * 17,000 7,000 | 139,000

* refers to a crash count below 500

Based on 1998 GES statistics, approximately 75,000, or 54.2% of all target off-roadway crashes
on freeways occurred in rural areas. On the other hand, about 42,000, or 30.2% of all target off-
roadway crashes on freeways happened in urban areas. The remaining 15.6% on freeways were
coded as “unknown” in the 1998 GES Land Use variable. Table 6 breaks down the six most
common off-roadway pre-crash scenarios on freeways for all vehicles by rural/urban locations
and relation to junction. Approximately 79.9% of all target off- roadway crashes on freeways
occurred away from junctions. Entrance and exit ramps experienced about 12.2% of all target
off-roadway crashes on freeways. It should be noted that about 4,000, or 2.9% of all target off-
roadway crashes on freeways occurred at intersections (see Table 6). Clearly, this statistic shows
a very small error in our attempt to identify freeway road type using the variables that are
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available in the 1998 GES as explained earlier in this report. As a result, it is recommended for
future analyses that the definition of freeways also excludes intersection and driveway locations
when using the GES.

2.3.3 NUMBER OF TRAVEL LANES

The Number of Travel Lanes variable in the 1998 GES was utilized to obtain information on the
actual number of lanes of travel on freeways and non-freeways. This variable indicates the
number of all the lanes regardless of their direction of travel if the trafficway is not divided, and
only the number of lanes in the direction of travel if the trafficway is divided. Crash statistics on
the number of travel lanes may influence the design of vehicle-based countermeasure systems
that track vehicle position within the roadway boundaries and thus may affect their sensor’s field
of view.

Tables 7 and 8 present statistics on the distribution of the number of travel lanes in target off-
roadway crashes that occurred respectively on undivided and divided non-freeways. About
63.9% of all target off-roadway crashes on undivided non-freeways were associated with two
lanes of travel (one lane in each direction) based on 1998 GES estimates, as listed in Table 7.
However 28.0% of all target off-roadway crashes on undivided non-freeways were coded as
“unknown” in the 1998 GES Number of Travel Lanes variable. As a result, the relative
frequency of crashes associated with two lanes of travel could be as high as 89% of all target off-
roadway crashes on undivided non-freeways if “unknown” cases were excluded. On the other
hand, only 36.2% of all target off-roadway crashes on divided non-freeways were linked to 2
lanes of travel (two lanes in same direction) as shown in Table 8. This percentage could be as
high as 49% of all target off-roadway crashes on divided non-freeways if 25.2% of crash cases
with “unknown” values were excluded. Table 8 also indicates that one and three lanes of travel
were related to substantial 14.5% and 18.9% of all target off-roadway crashes on divided non-
freeways, respectively. Also, the two lanes of travel were the most dominant in each of the six
target off-roadway pre-crash scenarios on undivided and divided non-freeways. In addition, the
one lane of travel was second most dominant in “negotiating a curve” crash scenarios while three
lanes of travel were second most dominant in “going straight” and “initiating a maneuver” pre-
crash scenarios on divided non-freeways with the exception of “initiating a maneuver and lost

control.”

Table 7. Distribution of Number of Lanes in Target Off-Roadway Pre-Crash Scenarios on
Undivided Non-Freeways for All Vehicles (Based on 1998 GES)

. Number of Lanes Cunmulaive

Pre-Crash Scenario T T 2 1314156157 [uke] 2| To |

Going straight and departed road edge 0.7% _ 547%] 2.0%| 469 16% 029 00%] 360%] 1000% 277,000
Going straight and lost control 08%  702%] 2.1%] 3.6% 14%] 029%] 03% 21.2%] 1000%] 144000
Negotiating 2 curve and lost control 03%  774%] 15% L5%] 0.1%] 00% 019 192%] 100.0%] 128,000

Negotiating a curve and departed road edge 00%]  785%| 0.8% 1.6% 0.1% 0.1% 00% 189%] 100.0% 98,000
Initiating a maneuver and departed roadedee | 0.8%]  40.6%| 3.9%| 6.7%| 3.6% 09% 0.5%| 43.0%] 100.0% 53,000

Initiating a maneuver and lost control 0.6%  544%| 54%| 49% 54%| 10% 15% 26.8% 100.0% 36,000
Average] 0.6%] 639%| 2.1%| 3.7% 14%| 02% 02%| 28.0% 100.0%
Cumulative Total] 4,000 | 469,000 | 15,00027,000f 11,000 2,000 | 1,000 {206,000 735,000 |
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Table 8. Distribution of Number of Lanes in Target Off-Roadway Pre-Crash Scenarios on
Divided Non-Freeways for All Vehicles (Based on 1998 GES)

. Nurrber of Lanes Cumulative
Pre-Crash Scererio 1121 3] 4] 57 6137wkl ™| 1
Going straight and departed road edee 12.1% 3539 1987 60%] 03% 12%] 007 2529 10007 30000
Going swaioht and lost corfrol 6694 45.1% 2229 479 04% 007 00% 21.1% 10009 15000
Nesotiaring a curve and lost control 3039 3007 1339 207 067 009 007 3.8%] 1000%] 13000

Nepotiating a curve and departed road edoe | 20.6% 43.8%4 1049 1.69% 0.0% 00% 009 379 10009 6000
Initiating a maneuver and departed roadedoe | 7.69d 32494 24994 2.3% 09%] 009 00943199 1000%] 10,000
Initiating a meaneuver and lost control 17694 32094 17094 5494 009 0074 009 27.9% 10009 7,000
Average| 14.594 36294 1899 4.3% 049 05% 00942529 100.0%
Cumulative Totall 12,000130,000{ 15,0001 3,000 * * * 121,000 82000 |

* refers to a crash count below 500

Table 9 provides statistics on the distribution of the number of travel lanes in target off-roadway
crashes that occurred on freeways based on 1998 GES estimates. About 48.3% of all target off-
roadway crashes on freeways were connected to two lanes of travel (two lanes in same
direction). Unlike non-freeway crashes, only 4.8% of all target off-roadway crashes on freeways
were coded as “unknown” in the 1998 GES Number of Travel Lanes variable. High frequencies
with at least 10,000 target off- roadway crashes were observed in one, three, and four lanes of
travel on freeways as seen in Table 9. The two lanes of travel were also the most dominant in
each of the six target off-roadway pre-crash scenarios on freeways. The one lane of travel was
the second most dominant in the “negotiating a curve” pre-crash scenario while the three lanes of
travel was the second most prevalent in “going straight” and “initiating a maneuver and lost
control” pre-crash scenarios.

Table 9. Distribution of Number of Lanes in Target Off-Roadway Pre-Crash Scenarios on
Freeways for All Vehicles (Based on 1998 GES)

: Nuxrber of Lanes Cumiative

Pre-Crash Scenario 1 [ 213457 6157wl | toa
Going straight and departed road edge 43% 5769 200%]_82% 597 04% 00%] 36% 1000% 41,000
Going straight and lost control 4.5% 48.3% 23,39 13.67] 38% 13% 08% 4.3% 1000% 59,000
Negotiating a curve and lost control 2729 3789 188%)_7.0%] 1.6% 00%] 0.09% 7.69] 10009 21,000

Negotiating a curve and departed road edge 2849942394 17.794 7194 0.1% 00% 0.0% 4.3% 1000%] 8,000
Initiating a maneuver and departed road edee 6.6% 52.3% 12494 16.0% 6.3% 3.194 00% 349 100.0% 3,000

Initiating a maneuver and lost control 8.7%1 33.9%1 27.394 16.3% 5.5% 0.0% 00% 8.3% 100.0% 8,000
Average| 9.5 48.3% 21.4%4 109%] 4.0%] 0.7% 03% 4.8% 100.0%
CGumulative Total| 13,000167,000; 30,0001 15,0001 6,000{ 1,000§ * } 7,000 139,000

* refers to a crash count below 500
2.3.4 POSTED SPEED LMIT

Another physical setting investigated was the posted speed limit of the road segment where the
crash occurred, so as to infer whether target off-roadway crashes were coupled with high vehicle
speeds. The Hotdeck Imputed Speed Limit variable in the 1998 GES provides such information.
Table 10 presents a distribution of posted speed limits in target off-roadway crashes on non-
freeways based on 1998 GES statistics. This report does not provide such information for
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freeways since, by our definition, target off-roadway crashes on freeways occurred at speed
limits greater than or equal to 55 mph.

The 55 mph speed limit was the most dominant at approximately 24.7% of all target off-roadway
crashes on non-freeways. This was followed by about 21.2% of all target off-roadway crashes
on non-freeways at locations posted with 25 mph. The 35 mph posted speed limit was the third
most dominant, associated with 16.5% of all target off-roadway crashes on non-freeways. As
seen in Table 10, the 55 mph posted speed limit was the most prevalent (> 30%) in “going
straight and lost control” and “negotiating a curve” pre-crash scenarios. In contrast, the 25 mph
posted speed limit dominated at greater than 24% in “going straight and departed road edge” and
“initiating a maneuver” pre-crash scenarios. This last result is expected for “initiating a
maneuver” pre-crash scenarios because they mostly occur at intersections. It is interesting,
though, that the most dominant speed limit in the “going straight and departed road edge” pre-
crash scenario was much lower than that of the “going straight and lost control” and “negotiating
a curve” pre-crash scenarios.

Table 10. Distribution of Posted Speed Limit in Target Off-Roadway Pre-Crash Scenarios
on Non-Freeways for All Vehicles (Based on 1998 GES)

) Posted Speed Limit ( Cumiative

Pre Crach Scemcio =] 5 (0] 5[0 € [9] 5 o] el6] 2 Tua |
Going stright and departed road edee 329 819 1277 1607 529 1119 27%] 1787 087 167 09% 100.07] 30700
Going strigtt and lost oontrol 129 1479 7490 1479 489 1329 657 344%] 04%) 197 097 1000 159000
Negtiating a curve and lost cortrol 257 1187 979 1807 669 1407 31%] 32990 047 097 019 10007 141000

| Neptiating a curve and departed road edoe 439 1299 83% 1549 599 15674 169 33790 09%d 08% 069 10009 104000
Initiatino a mencuver and departedroadedee | S19 36079 1359 21.674 5.6% 879 2.3% 589 05% 037 069 10004 63,000

Initiating a maneuver and lost confrol 59 2449 88 1719 849 1419 297 1729 029 0794 05% 100074 42000
Average] 319 212941049 1659 57% 125% 33% 2479 06% 13% 07% 100.0%
Qurmlative Total] 25,000 173,000 |85,000) 135,000{46.0000 102,000 {27,000 262,000 | 5,000| 10,0004 6000 816000 |

24 CRASH CONTRIBUTING FACTORS

This analysis relied on 1998 GES variables to identify factors that may have contributed to the

cause of target off-roadway crashes. It is noteworthy that the GES does not contain variables
that indicate the primary cause of the crash. Thus, some 1998 GES variables were investigated

that point to a number of crash contributing factors including the Hotdeck Imputed Police
Reported Alcohol Involvement, Person’s Physical Impairment, Driver Distracted By, Speed
Related, and Imputed Hit and Run variables. The Hotdeck Imputed Police Reported Alcohol
Involvement variable indicates that a driver had consumed an alcoholic beverage. The Person’s
Physical Impairment variable attempts to identify driver physical impairments that may have
contributed to the cause of the crash such as illness, blackouts, drowsiness, fatigue, or
impairment due to previous injury. The Driver Distracted By variable attempts to capture
distractions that may have influenced driver performance and contributed to the cause of the
crash. These distractions include passengers, vehicle instrument display, phone, other internal
distractions, other crash, or external distractions. The Speed Related variable captures whether
or not vehicle speed was a factor in the crash. The Imputed Hit and Run variable is coded when a
motor vehicle in transport or its driver departs from the scene of the crash. If the driver leaves
the scene, with or without the vehicle, the police accident report typically contains little
information about the drivers’ actions, and therefore contributing factors are generally unknown.
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However, very few cases of hit and run crashes in the GES might contain information on
whether or not the driver was drunk or impaired typically reported by eyewitnesses.

This analysis deducted one dominant contributing factor for each crash based on a priority
scheme that ranked contributing factors in descending order:

Alcohol or drugs
Driver impairment
Driver distraction
Speeding

Hit and run

First, this analysis determined the portion of target off-roadway crashes that involved alcohol or
drugs and then adopted a process of elimination to quantify the involvement of other factors.
Thus, the remaining target off-roadway crashes were examined to identify the portion of crashes
that were attributed to driver impairment. After, the involvement of each of the other factors
(driver distraction, speeding, and hit and run) was sequentially determined from the remaining
crashes. Finally, the remaining crashes, not linked to any of these contributing factors, were
separated by various environmental factors to establish other circumstances that might have
potentially contributed to target off-roadway crashes. Thus, this approach is an attempt to
identify dominant factors that might have contributed to the cause of the crash by deductive
reasoning and not to describe the environmental circumstances of the crash. This analysis
considered the combination of the Imputed Light Condition, Imputed Atmospheric Conditions,
and Imputed Roadway Surface Condition variables from the 1998 GES. The Imputed Light
Condition variable denotes general light conditions at the time of the crash, taking into
consideration the existence of external roadway illumination fixtures. All non-daylight
conditions, including dark but lighted, dusk, and dawn, were grouped as “dark.” The Imputed
Atmospheric Conditions variable points to general atmospheric conditions at the time of the
crash such as clear or adverse weather. All adverse weather conditions—rain, sleet, snow, fog,
and smog—were categorized as “adverse.” The Imputed Roadway Surface Condition variable
identifies whether the roadway surface is dry or slippery at the time of the crash. Slippery
surfaces consist of wet, snowy, icy, or oily roadways. The combination of lighting and weather
conditions constitute another important crash contributing factor, both of which may make it
difficult to see the edge of the road or upcoming curves. In addition, slippery road conditions
make some control loss crashes more likely.

2.4.1 NON-FREEWAYS

Speeding was the most dominant contributing factor in 22.6% of all target off-roadway crashes
on non-freeways according to 1998 GES, as listed in Table 11. This percentage of crashes
excludes cases that involved speeding in combination with alcohol or drugs, driver impairment,
driver distraction, or hit and run. Alcohol or drugs contributed to about 19.7% of all target off-
roadway crashes on non-freeways. Driver distraction was cited in only about 6.2% of all target
off-roadway crashes on non-freeways. The GES generally underestimates driver distraction as a
contributing factor because distraction is rarely noted in police accident reports. The CDS
usually reports higher rates of driver inattention/distraction than the GES. For instance, such a
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factor might have caused about 18% of all crashes based on 1997 CDS. Driver impairment was
reported in about 5.2% of target off-roadway crashes on non-freeways in 1998. As seen in Table
11, alcohol or drugs was the most dominant factor in target crash scenarios associated with
“departed road edge” as the critical event. On the other hand, speeding was the most prevalent
factor in target crash scenarios characterized by “lost control” as the critical event.

The driver did not hit an object and fled the scene of the crash, was not drunk, impaired,
distracted, or speeding in about 308,000 or 37.8% of all target off-roadway crashes on non-
freeways, noted as “other” in Table 11. Environmental conditions were explored in an attempt to
deduce whether these conditions played a role in “other” crashes. The results showed that about
195,000 or 63.2% of “other” target off-roadway crashes on non-freeways occurred in adverse
weather, slippery surface, or dark conditions as indicated in Table 12. The remaining 113,000 or
36.8% of these crashes happened in clear weather, in daylight, and on dry roadway surface.
Thus, one may assume that driving inexperience or some sort of inattention or distraction
contributed to the cause of these 113,000 target off-roadway crashes on non-freeways.

Table 11. Distribution of Contributing Factors in Target Off-Roadway Pre-Crash
Scenarios on Non-Freeways for All Vehicles (Based on 1998 GES)
Contributing Factors/Driver Circumstance

Pre-Crash Scenario | Alcohol | Driver Driver di Hit/ Oth Total CunTl:)llt:ltlve
or drugs | impaired | Distracted Speeding| gy, ther

Going straight and
departed road edge

Going straight and lost
control

23.4% 9.0% 9.3% 102% | 15.8% | 32.3% | 100.0% | 307,000

17.9% 2.4% 32% 29.1% | 3.3% | 44.1% | 100.0% | 159,000

INegotiating a curve and

lost control 14.4% 1.7% 4.1% 42.0% | 12% | 36.6% | 100.0% | 141,000

—— ;
Negotiating a curveand | 3 o | ¢ oo 69% | 258% | 3.9% | 33.5% | 100.0% | 104,000

departed road edge
Initiating a maneuver
land departed road edge 13.7% 1.3% 3.9% 99% |14.8% | 56.5% | 100.0% | 63,000
Initiating a maneuver
lind lost control 167% | 12% 26% | 346% | 37% | 41.1% | 100.0% | 42,000
Averagel 19.7% 52% 6.2% 22.6% | 8.6% | 37.8% | 100.0%
Cumulative Totall 160,000 | 42,000 50,000 | 185,000 {70,000 | 308,000 816,000

Slippery roadway conditions were reported in about 126,000 or 41.2% of all “other” target off-
roadway crashes on non-freeways. Such conditions hinder the ability of the driver to maintain
control of the vehicle, especially when negotiating a curve or initiating a maneuver. Dark
lighting conditions and adverse weather conditions accounted for 122,000 or 39.6% and 85,000
or 27.9% of these crashes, respectively. These two conditions affect visibility that may cause
drivers to run off the road. As seen in Table 12, “other” target pre-crash scenarios on non-
freeways in which the vehicle simply departed the road edge were more likely to occur in clear
weather, in daylight, and on dry roadway surface than in any other combination of environmental
conditions. On the other hand, “other” crashes that belong to “going straight and lost control”
and “negotiating a curve and lost control” pre-crash scenarios were more likely to occur in
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adverse weather, in daylight, and on slippery roadway surface than in any other combination of
environmental conditions on non-freeways.

Table 12. Distribution of Environmental Conditions in “Other” Target Off-Roadway Pre-
Crash Scenarios on Non-Freeways for All Vehicles (Based on 1998 GES)

Day Dark .
Pre-Crash Scenario | Clear [Clear &AdverselAdverse &|Clear [Clear &Adverse] Adverse & | Total Cur;:::: Ve
& Dry [Slippery| & Dry | Slippery & Dry{Slippery| & Dry | Slippery
Going straight and
departed road edge 51.1% | 3.4% | 0.8% 44% [299%| 3.0% | 0.8% 6.6% |100.0% 99,000
Going straight and lost
control 19.0% | 143% | 07% | 24.1% |14.7%| 72% | 1.0% 19.0% |100.0%| 70,000
INegotiating a curve and
lost control 15.2% | 15.0% | 0.0% 27.5% 110.9%| 11.2% | 0.3% 199% |100.0%] 52,000
Negotiating a curve and
departed road edge 46.0% | 4.5% | 0.1% 103% {27.6%| 3.3% | 0.4% 7.8% (100.0%| 35,000
Initiating a maneuver
Fmd departed road edge 587% | 4.6% | 0.0% 64% [22.1%| 4.1% | 0.0% 4.1% (100.0%| 36,000
nitiating a maneuver
nd lost control 273% | 15.1% | 0.5% 174% |10.5%| 44% | 1.2% 23.7% |100.0% 17,000
Average 36.8% | 8.8% | 0.5% 144% [21.0%| 5.6% | 0.6% 12.4% (100.0%
Cumulative Total|113, 27,000 | 1,000 | 44,000 65,0000 17,000 | 2,000 | 38,000 308,000 1

The combination of pre-crash scenarios and contributing factors enables researchers to devise
appropriate countermeasure concepts. Due to the six most common pre-crash scenarios and wide
variety of major contributing factors, multiple countermeasures are needed to alleviate target off-
roadway crashes. For instance, lane or road edge departure warning systems address pre-crash
scenarios that are characterized by “road edge departure” as the critical event. Excessive speed
warning systems dealing with the existing conditions of the driving environment may mitigate
“control loss” pre-crash scenarios. Table 13 presents statistics on environmental conditions
surrounding target off-roadway crashes that were attributed to speeding on non-freeways. About
47% of these crashes attributed to speeding occurred on slippery surfaces. Vision enhancement
systems that improve driver vision in reduced visibility conditions and advanced vehicle stability
control systems that improve vehicle handling on slippery roadway surfaces may deal with a
portion of target off-roadway crashes occurring under these circumstances. The effectiveness of
these systems highly depends on the physiological state of the driver. Thus, these systems may
not be as effective if drivers were drunk or drowsy. In such cases, intoxicated or drowsy driver
monitoring systems may be more appropriate and effective.
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Table 13. Distribution of Environmental Conditions in Target Off-Roadway Pre-Crash
Scenarios Attributed to Speeding on Non-Freeways for All Vehicles (Based on 1998 GES)

. Day Dark Cumulative
Pre-Crash Scenario |Clear [Clear &|Adverse| Adverse & |Clear | Clear & | Adverse | Adverse &| Total | ™ . .,
& Dry|Slippery| & Dry | Slippery |& Dry|Slippery| & Dry | Slippery
Going straight and .
departed road edge 33.1%{ 5.1% | 0.0% 123% |32.8%| 4.8% 1.2% 109% [100.0%} 31,000
Going straight and 105t 19 551 15.9% | 0.2% | 17.6% [200%| 109% | 01% | 158% [1000% 46000
Negotiating a curve and
Jost control 24.6%| 13.9% | 0.0% 19.8% |20.3%| 7.8% 0.5% 132% |100.0%| 59,000
Negotiating a curve and
departed road edge 41.7%) 5.8% | 0.0% 93% [28.7%| 3.2% 0.3% 11.1% {100.0%| 27,000
Initiating a maneuver .
and departed road edge 37.8%| 3.7% | 0.0% 3.1%  |36.6%| 7.7% 0.0% 11.1% [100.0%{ 6,000
Initiating a maneuver )
and lost control 26.1%| 15.6% | 0.0% 22.4% |21.8%| 3.1% 0.0% 11.1% [100.0%| 15,000
Average[27.8%| 11.5% | 0.1% 16.1% [242%| 7.0% 0.4% 12.9% |100.0%
Cumulative Total|51,000] 21,000 * 30,000 45,0000 13,000 | 1,000 24,000 185,000 J

* refers to a crash count below 500

2.4.2 FREEWAYS

Based on 1998 GES statistics, speeding and alcohol or drugs contributed to 34.0% and 12.8%
respectively of all target off-roadway crashes on freeways as shown in Table 14. The relative
frequency of speeding was higher on freeways than non-freeways. Conversely, the relative
frequency of alcohol or drugs was lower on freeways than non-freeways. There were also fewer
cases of hit and run on freeways. Driver impairment was connected to about 8.2% of all target
off-roadway crashes on freeways and dominated in “going straight and departed road edge” pre-
crash scenario. On the other hand, speeding was the most dominant in all control loss pre-crash
scenarios (37.8%) and in “negotiating a curve and departed road edge” pre-crash scenario

(21.2%) on freeways. Driver distraction was reported in about 4.1% of all target off-roadway
crashes on freeways and prevailed in “initiating a maneuver and departed road edge” pre-crash

scenario.
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Table 14. Distribution of Contributing Factors in Target Off-Roadway Pre-Crash
Scenarios on Freeways for All Vehicles (Based on 1998 GES)

Contributing Factors/Driver Circumstance

Pre-Crash Scenario | Alcohol | Driver Driver di Hit/ Oth Total Cm,;,l:tl:lt tve
or drugs [impaired| Distracted Speeding Run ther
Going straight and
departed road edge 194% | 21.2% 6.7% 17.4% 1.3% | 34.1% | 100.0% 41,000
Coing straight and lost | ¢ o011 0g | 214 25% | 12% | 43.4% | 100.0% | 59,000

control

[Negotiating a curve and

lost control 11.7% 1.3% 2.2% 47.7% 04% | 36.8% | 100.0% 21,000

Negotiating a curve and

departed road edge 187% | 16.2% 10.4% 21.2% 0.0% | 33.4% | 100.0% 8,000

Initiating a maneuver
’anddepartedroadedge 42% 0.9% 15.6% 191% | 35% | 56.7% | 100.0% 3,000

Enitiating a maneuver

nd lost control 92% | 00% | 10% | 382% | 1.0% | 50.7% | 100.0% | 8,000
Average] 12.8% | 82% | 41% | 34.0% | 1.0% | 39.8% | 100.0%
Cumulative Total] 18,000 | 11,000 | 6,000 | 47,000 | 1,000 | 55,000 139,000 |

Table 14 indicates that the driver did not hit an object and fled the scene of the crash, was not
drunk, impaired, distracted, or speeding in about 39.8% of all target off-roadway crashes on
freeways. The analysis of environmental conditions in “other” target off-roadway crashes on
freeways revealed that about 39,000 or 71.5% of these crashes occurred in adverse weather,
slippery surface, or dark conditions, as indicated in Table 15. The remaining 16,000 crashes
happened in clear weather, daylight, and on a dry roadway surface. Slippery roadway conditions
were reported in about 29,000, or 50.6% of “other” target off-roadway crashes on freeways.
Dark lighting conditions and adverse weather conditions accounted for 25,000 (45.7%) and
22,000 (38.8%) of these crashes, respectively. The relative frequencies of these three conditions
were higher on freeways than non-freeways. As observed on non-freeways, “other” target pre-
crash scenarios on freeways in which the vehicle simply departed the road edge were more likely
to occur in clear weather, in daylight, and on dry roadway surface than in any other combination
of environmental conditions. On the other hand, “other” crashes that belong to “going straight
and lost control” pre-crash scenarios were more likely to occur in adverse weather, in dark, and
on slippery roadway surface than in any other combination of environmental conditions on
freeways. The “negotiating a curve and lost control” pre-crash scenario on freeways mostly
occurred in adverse weather, in daylight, and on slippery roadway surface conditions. Table 16
presents statistics on environmental conditions surrounding target off-roadway crashes that were
attributed to speeding on freeways based on 1998 GES. About 71% of these crashes associated
with speed happened on slippery surfaces, which was higher on freeways than non-freeways.
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Table 15. Distribution of Environmental Conditions in “Other” Target Off-Roadway Pre-
Crash Scenarios on Freeways for All Vehicles (Based on 1998 GES)
Pre-Crash Scenario Qear & | (lear & | Adverse & Adverse & (lear & | Clear & | Adverse &] Adverse Total Total

MGO"%T@‘“@”‘“‘ a70% | 01% | o5% | 103% | 21% | 39% | 04% | 57% |1000%| 1400
Coing sraight and lost 193% | 85% | 03% | 27% | 162% | 68% | 03% | 260% |1000%| 25000

Negotiating a curve and lost
control

Negotiating a curve and
departed road edoe
Initiating a maneuver and
departed road edoe
Initiating a maneuver and lost
control

120% 8.8% 0.0% 30.9% 154% 9.3% 0.0% 23.6% | 1000%| §&000

50.6% 2.8% 0.0% 7.7% 212% 6.3% 0.0% 54% | 1000%| 3,000

4.2% 0.0% 4.0% 122% { 23.5% 0.0% 0.0% 36.1% | 1000%( 2,000

40.7% 15.2% 0.0% 13.0% 10.9% 4.2% 0.0% 160% | 1000%| 4,000

Averagel 285% | 64% 04% | 190% | 203% | 60% | 02% | 192% |1000%]
Curnulative Totall 16,000 4000 * 11.000 11.000 3.000 * 11.000 5500
* refers to a crash count below 500

Table 16. Distribution of Environmental Conditions in Target Off-Roadway Pre-Crash
Scenarios Cited with Speeding on Freeways for All Vehicles (Based on 1998 GES)

Day Dark
Pre-Crash Scenario | Clear & | Clear & | Adverse | Adverse & | Clear | Clear & | Adverse |Adverse &| Total | Cumulative Total
Dry |[Slippery| & Dry | Slippery |& Dry|Slippery| & Dry | Slippery
Going straight and 100.0
departed road edge 39.9% 2.5% 0.6% 21.1% |224%| 0.1% 0.0% 13.4% %' 7,000
Going straightand | 1y gor | 1089 | 00% | 365% |67% | 98% | 00% | 244% |'%01 25000
lost control Jo
Negotiating a curve 100.0
and lost control 14.0% | 13.0% | 0.0% 328% |[99% | 9.6% 0.0% 20.8% % ’ 10,000
Negotiating a curve 100.0
and departed road 465% | 0.2% 0.0% 46% |17.4%]| 0.0% 0.0% 31.3% % ’ 2,000
edge
Initiating a maneuver 1000
and departed road 36.9% 0.0% 0.0% 11.9% 51.2%) 0.0% 0.0% 0.0% % . 1,000
edge ?
Initiating 2 maneuver 100.0
and lost control 16.8% | 9.0% 0.0% 350% [11.8%| 5.8% 0.0% 21.6% % ’ 3,000
100.0
Averagel 18.3% 9.4% 0.1% 31.9% |10.9%| 7.6% 0.0% 21.8% %
Cumulative Total] 9,000 | 4,000 * 15,000 |5,000| 4,000 * 10,000 47,000

* refers to a crash count below 500
2.5 POST-ROADWAY DEPARTURE EVENTS

The post-roadway departure events of the six most common pre-crash scenarios of target off-
roadway crashes were described in terms of the departure side (left/right/end), first harmful
event, and maximum injury severity using variables in the 1998 GES. These events were
described as thoroughly as possible utilizing combinations of existing GES variables.
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2.5.1 DEPARTURE SIDE

The departure side of target off-roadway pre-crash scenarios was determined from the GES
Critical Event and Accident Type variables. The Critical Event variable was first queried to
provide this information, which yielded values of left, right, or end departure. End departures
occur at T-type intersections. The Accident Type variable was only used when the Critical Event
variable did not have departure side information for some crash cases. The departure side was
entered as “unknown” in some cases when not coded in either of these two variables.
Information on roadway side departure is useful to determine the field of view for vehicle-based
countermeasure systems.

Table 17 shows the departure side of non-freeway off-roadway crashes for all vehicles based on
1998 GES. The right edge departure dominated in all pre-crash scenarios and captured the
largest overall average with 61.3% of all off-roadway crashes on non-freeways. Vehicles
involved in “control loss” pre-crash scenarios had a greater tendency to depart on the left side of
the roadway than in “road edge departure” scenarios, owing to the more erratic nature of vehicle
control loss. Target off-roadway crashes on non-freeways were more likely to involve right edge
departure due to the general profile of the roadway sloping to the right causing lack of driver
input or attention to result in drifting to the right. The departure side was unknown in 6.9% of all
target off-roadway crashes on non-freeways and was particularly high in “going straight and lost
control” and “initiating a maneuver and lost control” pre-crash scenarios.

Table 17. Distribution of Departure Side in Target Off-Roadway Pre-Crash Scenarios on
Non-Freeways for All Vehicles (Based on 1998 GES)

. Departure Side Cumulative
Pre-Crash Scenario Left edge| Right edgel End departure] Unknown Total Total
Going straight and departed road edge 22.9% 66.9% 4.2% 6.0% 100.0% | 307,000
Going straight and lost control 35.9% 50.4% 2.0% 11.8% 100.0% 159,000
Negotiating a curve and lost control 37.8% 56.2% 0.4% 5.7% 100.0% 141,000
Negotiating a curve and departed road edge 27.3% 69.0% 0.8% 2.9% 100.0% 104,000
Initiating 2 maneuver and departed road edge 26.7% 66.3% 2.1% 4.9% 100.0% 63,000
Initiating a maneuver and lost control 34.3% 52.7% 0.9% 12.1% ]1100.0% | 42.000
Average| 294% 61.3% 2.3% 6.9% 100.0%
Cumulative Total| 240,000 500,000 15,000 57,000 816,000 |

Table 18 presents the statistical breakdown of departure side in target off-roadway crashes on
freeways based on 1998 GES. The obvious difference from non-freeway off-roadway crashes is
the overall dominance of left edge departure that accounted for 49.2% of these crashes.
Moreover, the left edge departure was the most prevalent in all pre-crash scenarios except the
“going straight and departed road edge” pre-crash scenario. The general trend toward left edge
departures could be due to the multi-lane nature of freeways, where vehicles traveling in the left
lane have a smaller shoulder than those in the right lane and, consequently, have less recovery
room.
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Table 18. Distribution of Departure Side in Target Off-Roadway Pre-Crash Scenarios on
Freeways for All Vehicles (Based on 1998 GES)

. Departure Side | Cumulative
Pre-Crash Scenario Left edge| Right edge] End departure| Unknown| Total Total
Going straight and departed road edge 46.2% 53.1% 0.3% 0.5% 100.0% 41,000
Going straight and lost control ' 50.4% 45.5% 0.0% 4.2% 100.0% } 59,000
Negotiating a curve and lost control 49.4% 48.6% 0.0% 2.0% 100.0% 21,000
[Negotiating a curve and departed road edge 50.5% 47.1% 0.0% 2.4% 100.0% 8,000
Initiating 2 maneuver and departed road edge 61.3% 38.7% 0.0% 0.0% 100.0% 3,000
Initiating a maneuver and lost control 50.4% 41.8% 0.0% 7.8% 100.0% 8.000
Average| 49.2% 47.9% 0.1% 2.8% 100.0%
Cumulative Total] 68,000 | 67.000 * 4,000 139,000 |

* refers to a crash count below 500

2.5.2 FIRST HARMFUL EVENT

The first harmful event was determined using the Imputed First Harmful Event variable in the
1998 GES. This variable indicates the first property damaging or injury-producing event,
excluding unknown values. These events were grouped into three categories: non-collision,
collision with object not fixed, and collision with fixed object. By understanding the first
harmful event of crashes, countermeasures can be better designed to search for, monitor, and
wamn of these hazards.

Parked vehicles were the most dominant first harmful event in target off-roadway crashes on
non-freeways and accounted for 23% of these crashes as shown in Table 19. The second most
frequent event was crashes into signposts with 15.4%. Crashes with a culvert or ditch and trees
also commanded a large number of crashes with 11.3% and 10.9%, respectively.

Table 20 illustrates the breakdown of first harmful events on freeways for all vehicles based on
1998 GES. Vehicles struck guardrails and concrete traffic barriers in 41.2% of all target off-
roadway crashes on freeways. Off-road rollovers and the combined culverts or ditches,
signposts, and trees accounted respectively for 11.3% and 21.0% of these crashes. Even on
freeways, parked vehicles were reported struck in 5.5% of these crashes.
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Table 19. Distribution of First Harmful Events by Target Off-Roadway Pre-Crash
Scenarios on Non-Freeways for All Vehicles (Based on 1998 GES)

Pre-Crash Scenario Cumulative
First Harmful Event T 3 3 3 - c Average Total
Rollover 28% 104% 94% 1.6%| 27% 69% 629 51,000
Non- Immersion 00% 00% 0.1%| 0.0% 00% 05% 0.1%| 1,000
collision Jacknife 00% 00% 0.1% 01%| 0.1% 0.1% 0.0% *
Other 0.1% 00% 02% 0.0% 00% 00% 0.1% *
Pedestrian 04%  00% 0.0% 01% 07% 0.0% 02% 2,000
Cyclist 0.1% 0.0% 0.1% 0.1% 0.0% 0.0% 0.0% *
Object Animal 00% 03% 02% 0.0% 00% 0.0% 0.1%| 1,000
Not Veh in Transport 00% 02% 01% 00% 01% 0.0% 0.1%| 1,000
Fixed Parked Vehicle 42.5%  83%| 3.0%| 89% 427% 8.9% 23.0%| 188,000
Other/Non Mot. 00% 02% 00% 00% 00% 00% 0.0% *
Other Object 0.1%  05% 00% 03% 00% 03% 02%| 2000
Ground 0.1% 02% 02% 0.1% 00% 02% 01%| 1,000
Building 0.6% 0.7%| 04%| 06% 12% 14% 0.7%] 6,000
Impact Attenuation 0.1% 00%| 03% 00% 00% 00% 0.1%| 1,000
Bridge Structure 0.8% 18% 06% 07% 02% 14% 09%} 8,000
Guardrail 2.9%) 6.1%| 11.9% 6.7% 3.0% 9.1% 5.9%| 48,000
Concr Traffic Barrier 0.9% 1.6%  22%| 0.8% 1.6% 4.2% 1.4%| 12,000
Sign Post 14.6% 152% 12.4%| 16.6%| 22.3% 19.3% 154%| 126,000
Crash Culvert or Ditch 84% 149% 14.1%| 159% 6.0% 5.2%| 11.3%| 92,000
With Curb 42% 43%  47%|  2.8% 65% 13.8% 4.8%| 39,000
Fixed Embankment 25%  5.5% 133% 83% 05% 4.1% < 5.6%| 46,000
Object Fence 33%  68% 43% 47% 18% 74% < 4.4%| 36,000
Wall 0.9% 14%  0.7%| 1.1%| 1.0% 1.4% 1.0%] 8,000
Fire Hydrant 0.7% 13%  05% 07% 38% 1.6% 1.1%] 9,000
Shrubbery/Bush 07%| 03% 03% 04%| 07% 09% 0.5%| 4,000
Tree 7.5% 13.2% 15.1%| 16.5%| 4.0%| 100% 10.9%| 89,000
Boulder 0.3%  0.5% 12%|  149%| 02% 04% 0.6%| 5,000
Pavement Irregularity 00% __0.1% 00% 00% 00% 00% 0.0% *
Other Fixed Object 49%  51%  41%|  5.1% 1.0%| 2.7% < 44%| 36,000
Fix Object-No Detail 0.6% 13% _ 07%|  04% _0.0% 0.6% 0.7%| 5,000
Total] 100.0%| 100.0%] 100.0%| 100.0%| 100.0%] 100.0%| 100.0%
Cumulative Total] 307, 159,0001 141,000] 104, 63,0000 42,000 816,000 I
Key to Scenarios
1 |Going straight and departed road edge
2 |Going straight and lost control
3 |Negotiating a curve and lost control
4 |Negotiating a curve and departed road edge
5 [|Initiating a maneuver and departed road edge
6 |Initiating a maneuver and lost control

* refers to a crash count below 500

24



Table 20. Distribution of First Harmful Events by Target Off-Roadway Pre-Crash
Scenarios on Freeways for All Vehicles (Based on 1998 GES)

. Pre-Crash Scenario Cumulative
First Harmful Event T 3 3 2 z z Average Total
Rollover 129% | 11.5% | 97% | 86% | 6.0% | 102% | 113% 16,000
Non- Immersion 00% | 0.1% | 00% | 0.0% | 00% | 0.0% | 0.0% *
collision Jacknife 00% | 07% | 03% { 0.0% | 00% | 0.1% | 03% *
Other 00% | 00% | 00% { 00% | 0.0% { 0.0% | 0.0% *
Pedestrian 0.1% | 00% | 00% | 00% | 0.0% | 0.0% | 0.0% *
Cyclist 00% | 00% | 00% | 0.0% | 0.0% | 0.0% | 0.0% *
Object Ammal 00% | 02% | 04% | 0.0% | 0.0% | 0.0% | 0.1% *
; Veh in Transport 00% | 06% | 02% | 0.1% | 0.0% | 0.0% | 0.3% *
Not Fixed ™ 5/ red Vehicle | 11.7% | _2.5% | 09% | 2.8% | 18.7% | 56% | 55% | 8000
Other/Non Mot. 00% | 00% | 00% | 00% | 00% | 0.0% | 0.0% *
Other Object 06% | 00% | 00% | 0.0% | 0.0% | 00% | 0.2% *
Ground 03% | 03% | 00% | 05% | 00% | 0.0% | 0.2% *
Building 02% | 00% | 00% | 00% | 00% | 0.0% | 0.1% *
Impact Attenuation | 1.0% | 02% | 00% | 1.2% | 7.0% | 00% | 0.6% 1,000
Bridge Structure 20% | 54% | 1.3% | 1.2% | 00% | 1.8% 3.2% 4,000
Guardrail 2.7% | 21.5% | 26.8% | 25.3% | 12.0% | 18.1% | 22.5% 31,000
Concr Traffic Barrier | 9.9% | 22.1% | 24.1% | 10.7% | 202% | 31.7% | 18.7% 26,000
Sign Post 102% | 3.5% | 8.1% | 174% | 245% | 0.1% | 7.1% 10,000
Crash Culvert or Ditch 72% | 85% | 7.0% | 35% | 5.6% | 3.5% | 7.3% 10,000
With Curb 21% | 37% | 5.9% | 2.3% | 2.0% | 60% | 3.6% 5,000
Fixed Embankment 38% | 49% | 44% | 78% | 0.0% | 7.2% | 4.7% 7,000
Object Fence 29% | 2.6% | 24% | 1.1% | 00% | 1.1% | 24% 3,000
Wall 1.5% 1.7% | 34% | 59% | 0.0% | 82% 2.5% 3,000
Fire Hydrant 00% | 0.0% | 00% | 00% | 0.0% | 00% | 0.0% *
Shrubbery/Bush 05% | 04% | 1.4% | 0.0% | 0.0% | 00% | 0.5% 1,000
Tree 73% | 74% | 35% | 8.8% | 0.7% | 64% | 6.6% 9,000
Boulder 05% | 0.5% | 04% | 0.0% | 0.0% | 0.0% | 04% 1,000
Pavement Irregularity | 0.0% | 0.0% | 0.0% | 0.0% | 0.0% | 00% | 0.0% *
Other Fixed Object 2.1% 1.8% | 0.0% | 29% | 34% | 0.0% 1.6% 2,000
Fix Object-No Detail | 0.6% | 0.0% | 0.0% | 0.0% | 0.0% | 0.0% 0.2% *
Total| 100.0%] 100.0% | 100.0%| 100.0% | 100.0%] 100.0%| 100.0%
Cumulative Total| 41,000 | 59,000 | 21,000 ] 8,000 | 3,000 ] 8,000 139,000
Key to Scenarios
1 Going straight and departed road edge
2 Going straight and lost control
3 Negotiating a curve and lost control
4 Negotiating a curve and departed road edge
5 Initiating a maneuver and departed road edge
6 Initiating a maneuver and lost control

* refers to a crash count below 500
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2.5.3 MAXIMUM INJURY SEVERITY

The maximum injury severity was determined using the GES Imputed Maximum Injury Severity
in Crash variable. This variable indicates the most severe injury sustained by all persons
involved in the crash, excluding unknown values. Table 21 provides the distribution of
maximum injury severity sustained in target off-roadway crashes on non-freeways based on 1998
GES. Property damage only or no injury was reported in 63.4% of these crashes. The
“negotiating a curve and departed road edge” pre-crash scenario had the most injury crashes
among all scenarios. About 49% of crashes in this scenario resulted in some form of injury. The
“Initiating a maneuver and departed road edge” pre-crash scenario had the lowest injury rate.
Generally, “initiating a maneuver” pre-crash scenarios had the least harmful crashes due to the
low speed nature of these crashes.

Table 21. Distribution of Maximum Injury Severity by Target Off-Roadway Pre-Crash
Scenarios on Non-Freeways for All Vehicles (Based on 1998 GES)

Pre-Crash Scenario Mal’: s Iojury Severity Total Cumulative
None | Possible |. 01.1 . |Incapacitating| Fatal [ Unknown Total
ncapacitating

Going straight and

oing straight an 653% | 12.6% 14.2% 6.2% 08% | 1.0% |[1000%| 307,000
departed road edge
i‘;‘;ils"a‘gh‘ andlost | 598 | 14.0% 17.0% 7.4% 12% | 07% |100.0%] 159,000
N tiati

egouating acurveand | o, 1o |1 gq 15.8% 9.1% 17% | 05% {100.0%| 141,000
lost control
Negotiating a curveand | ¢ o0 |0 00 18.6% 9.9% 19% | 1.1% [1000%] 104,000
departed road edge
Initiati
nitiating a maneuver and | o5 oo | 5 oo 6.4% 2.4% 00% | 08% |1000%| 63,000
departed road edge
Initiating a maneuver and
ost control 723% | 9.9% 102% 6.2% 06% | 09% [100.0%| 42,000

Average] 63.4% | 12.0% 14.7% 7 1% 1.1% | 0.8% ]100.0%
Cumulative Total] 517,000] 105000 | 120.000 58,000 | 9.000 | 7,000 816,000 |

Similar to non-freeway crash statistics, the “negotiating a curve and departed road edge” pre-
crash scenario resulted in most injury crashes on freeways as seen in Table 22. Overall, road
edge departure scenarios resulted in more injury crashes than control loss scenarios on freeways.
The “going straight and departed road edge” pre-crash scenario accounted for 52% of all fatal
off-roadway crashes on freeways. Target off-roadway crashes on freeways resulted in more
severe injury crashes than on non-freeways due to the higher speeds of freeway travel.

26



Table 22. Distribution of Maximum Injury Severity by Target Off-Roadway Pre-Crash
Scenarios on Freeways for All Vehicles (Based on 1998 GES)

Maximum Injury Severity .
Pre-Crash Scenario N Total Cumulative
None | Possible |. 01.1' . |Incapacitating] Fatal |Unknown Total
incapacitating
Going straight and
OIng Straight an 53.5% | 14.9% 18.4% 9.7% 3.0% | 05% [100.0%| 41,000
departed road edge
Going straight 1
oing straightand lost | ¢, 4o 152, 12.4% 9.7% 05% | 09% |1000%| 59,000
control
N tiating g
egouiating acurve and | o) oo |14 4q, 12.5% 9.3% 19% | 00% |100.0%| 21,000
lost control
Negotiati d
egouating acurve and | ¢ 3. | 18.4% 23.0% 8.8% 36% | 00% |1000%| 8,000
departed road edge
Tnitiating ,
nitiating a maneuverand | o co |5 o 10.8% 42% 15% | 0.0% |100.0%| 3,000
departed road edge
Initiating a maneuver and
lost control 62.0% | 10.4% 17.8% 8.6% 12% | 0.0% |100.0%| 8,000
Average] 58.5% | 14.8% 15.0% 9.4% 17% | 0.5% ]100.0%
Cumulative Total] 81,000 | 21,000 21,000 13.000 | 2,000 | 1,000 139.000_]
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3. CRASH-IMMINENT TEST SCENARIOS

This section proposes a set of crash-imminent scenarios based on crash statistics to test off-
roadway crash countermeasure systems for intelligent light vehicle applications. Crash imminent
scenarios refer to driving situations that require certain action (e.g., warning signal) by the
countermeasure system. Moreover, this set of crash-imminent scenarios is devised to objectively
test countermeasure systems at the vehicle-system level (i.e., driver condition not included). The
physical setting, vehicle speed, and environmental conditions constitute the fundamental pieces
of information required for the development of these test scenarios.

Appendix A contains 1998 GES statistics on light vehicles involved in off-roadway crashes. The
target crash population for light vehicles was restricted by the same methods used for all vehicles
as discussed in Section 2.1. Figure A-1 illustrates the breakdown of light vehicle off-roadway
crashes. It should be noted that light vehicle results are nearly identical to all vehicle results due
to the high percentage of light vehicle crashes in the all vehicle crash category (92.7%). The six
most common pre-crash scenarios listed in Table A-1 form the basis for the development of the
crash-imminent test scenarios.

3.1 PHYSICAL SETTING OF TEST SCENARIOS

The following list defines basic test scenarios that correlate specific vehicle movements with
critical events from light vehicle crash statistics presented in Tables A-1 and A-3:

Going straight and departed road edge (327,000)
Going straight and lost control (210,000)

Negotiating a curve and lost control (153,000)
Negotiating a curve and departed road edge (104,000)
Tuming and departed road edge (31,000)

Turning and lost control (31,000)

The list of basic test scenarios is expanded to describe the physical setting of each scenario by
including information on road type, relation to junction, and number of lanes. As a result, the
following list of scenarios is generated by selecting physical characteristics where most light
vehicle target off-roadway crashes occurred in 1998 based on data from Tables A-4—A-9:

1. Going straight and departed road edge on undivided non-freeway with two lanes at non-
Jjunction.

2. Going straight and lost control on undivided non-freeway with two lanes at non-junction.

3. Negotiating a curve and lost control on undivided non-freeway with two lanes at non-
junction.

4. Negotiating a curve and departed road edge on undivided non-freeway with two lanes at

non-junction.

Going straight and lost control on freeway with two lanes at non-junction.

Going straight and departed road edge on freeway with two lanes at non-junction.

7. Turning and departed road edge on undivided non-freeway with two lanes at intersection.

o
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8. Tuming and lost control on undivided non-freeway with two lanes at intersection.

The above list of test scenarios can be separated into two categories based on whether the vehicle
departed the road edge or lost control. Consequently, each category consists of 4 scenarios as
delineated in Table 23. The differentiation between these two categories is helpful for the
development of test scenarios since they require distinct crash countermeasure functions. The
side of the roadway that the vehicle departs at is only relevant in the “road edge departure”
category. Based on crash statistics presented in Tables A-17 and A-18, it is recommended that
test scenarios at a non-junction should include a vehicle leaving the road on both the right and
left edges while the test scenario at intersection should only consider the right edge. One of the
three scenarios at a non-junction requires freeway type roadway. The distinction between
freeway and non-freeway type roadway in these scenarios is necessary to evaluate and compare
the capability of potential countermeasures since some systems might be designed to operate
exclusively on freeways. It should be noted that freeways are generally better constructed than
non-freeways in terms of roadway geometry (lane width and curve), roadway shoulder, and lane
markings. Table 23 recommends that all scenarios be conducted on two lanes of travel to assess
the field of view and the capability of the countermeasure system to wam of road departure on
either side of the road. Rural and urban locations might have influence on the operation of the
countermeasures but were not considered here due to the large number of GES cases coded as
“unknown” for this type of crash location. Roadways in urban areas might be better built and
more illuminated than roadways in rural areas.

Table 23. Breakdown of Test Scenarios by Critical Event

Test Scenario Road Edge Departure | Control Loss
Going straight on undivided non-freeway with two lanes at 1 2
non-junction.
Negotiating a curve on undivided non-freeway with two lanes 4 3

at non-junction.
Going straight on freeway with two lanes at non-junction. 6 5
Turning on undivided non-freeway with two lanes at
intersection.

3.1.1 SELECTION OF CURVE FOR TEST SCENARIOS

The results of a detailed analysis of 201 crash cases drawn from the 1993 CDS crash data base
were reviewed to collect information on radius of curvature and road shoulder. The analysis of
these crash cases was conducted previously by a project to develop performance guidelines for
single vehicle roadway departure crash countermeasure systems (Reference 3, 4). It should be
noted that this 1993 CDS sample did not represent the national profile of off-roadway crashes.
The intent of our analysis was simply to select values of roadway curve and shoulder for the test
scenarios and not to statistically describe the national profile of the geometrical locations where
off-roadway crashes occurred. Table 24 provides the radius of curvature for 2-lane roadways at
25, 35, and 55 mph posted speed limits as derived from the 201 CDS crash cases. The radius of
curvature in Table 24 was measured to the outside edge of the curve (i.e., travel lanes included).
Table 25 shows the average radius of curvature for each of the posted speed limits and compares
the average values to the minimum radius of curvature that is recommended by highway design
guidelines (Reference 13). As seen in Table 25, the average value of the radius of curvature
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encountered in off-roadway crashes falls below the recommended minimum value for non-
freeways with 35 mph and 55 mph posted speed limits. The average values of the radius of
curvature in Table 25 are suggested for test scenarios with curved roadways. Moreover, test
scenarios should account for curves to the left or to the right since a recent query of the 1998
CDS showed that 60% and 40% of single vehicle off-roadway crashes happened on left curves
and right curves, respectively.

Table 24. Radius of Curvature by Posted Speed Limit (Based on 1993 CDS Sample)

Radius of Curvature (ft) (2-Lane Roadways)
Non-Freeway Freeway
25 mph 35 mph 55 mph 55 mph
47 75 231 547
94 139 236 657
139 166 329 821
139 236 821 821
184 329 821 1823
206 329 1094 1846
206 337
236 362
446 547
463 3281
3691 3281
5468

Table 25. Comparison between Average (Based on 1993 CDS Sample) and Recommended
Minimum Values for Radius of Curvature

Radius of Curvature (ft) (2-Lane Roadways)
Non-Freeway Freeway
Posted Speed Limit 25 mph 35 mph 55 mph 55 mph
Average Value 216* 280" 589 1086
Recommended Minimum Value** 158-202 304-390 854-1137 854-1137

* Numbers in last two cells of 25 mph column in Table 24 were excluded from “average” computation.

A:Numbers in last two cells of 35 mph column in Table 24 were excluded from “average” computation.

** A range of recommended minimum values is provided to account for different “coefficient of side friction” and “super-
elevation” values.

3.1.2 SELECTION OF SHOULDER FOR TEST SCENARIOS

The 1993 CDS sample also provided information on road shoulders, which included the presence
and width of a shoulder, material of graded shoulder, and material of usable shoulder. Table 26
shows that a road shoulder was not available in about 31% of the crash cases. The road shoulder
was available in 92% and 64% of crash cases on freeways and non-freeways, respectively.
Freeway shoulders were graded by asphalt or concrete. Asphalt, stone, gravel, grass, or dirt
covered non-freeway shoulders. Table 27 provides data from the CDS sample about the
distribution of shoulder width on vehicle departure side by roadway type. This CDS sample had
only 79 crash cases with known shoulder width. As seen in Table 27, the shoulder width was
less than 6 feet in about 67% of the crash cases on non-freeways. On the other hand, the
shoulder width was greater than or equal to 6 feet in about 50% of the crash cases on freeways.
The average shoulder width is recommended for the test scenarios and was 5.5 and 7.5 feet
respectively on non-freeways and freeways in the CDS sample.
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Table 26. Road Shoulder Data (Based on 1993 CDS Sample)

Road Type Alignment All Cases No Shoulder Cases | % No Shoulder
Curve 16 2 12.5
Freeways Straight 22 1 4.5
Total 38 3 7.9
Curve 74 24 324
Non-Freeways Straight 89 35 39.3
Total 163 59 36.2
Curve 90 26 28.9
All Roads Straight 111 36 324
Total 201 62 30.8

Table 27. Road Shoulder Width by Roadway Type (Based on 1993 CDS Sample)

Shoulder Width (ft) Number
Roadway Type T2 T a6 | 68 | 810 [102] 5121 " | of Cases
Non-Freeway 21.1%124.6%|21.1%} 10.5%| 14.0%| 3.5% | 5.3% | 100.0% 57
Freeway 4.5% | 9.1% |36.4%] 9.1% | 13.6%| 13.6%] 13.6%] 100.0% 22
Average| 16.5%]20.3%|25.3%1 10.1%1 13.9%| 6.3% | 7.6% 100.0%
Number of Cases| 13 16 20 8 11 5 6 79|

3.2 SELECTION OF VEHICLE TRAVEL SPEED IN TEST SCENARIOS

The Speed Limit and Speed-Related variables in the 1998 GES were examined to select the travel
speed for light vehicles in crash-imminent test scenarios. Unfortunately, the GES Travel Speed
variable cannot be utilized for this analysis since it was coded as “unknown” between 60% and
70% of the 1998 GES cases. Thus, an assumption might be made that vehicles would be
traveling at the posted speed limit if they were not speeding. If coded as speeding, vehicles
would be traveling at 10 or 15 mph over the posted speed limit. It should be noted that vehicles
might be coded as speeding under severe environmental conditions even though they were
traveling around the posted speed limit. Table A-10 provides statistics on posted speed limit in
target off-roadway pre-crash scenarios on non-freeways. As defined in this report, freeways had
posted speed limit of 55 mph or higher. Table 28 shows dominant posted speed limits in each of
the six pre-crash scenarios on non-freeways. Table 29 provides the relative frequency of crashes
cited with speeding for each of the six target off-roadway crashes on both freeways and non-
freeways.

Table 28. Dominant Posted Speed Limits in Target Off-Roadway Pre-Crash Scenarios on
Non-Freeways for Light Vehicles (Based on 1998 GES)

. Posted Speed Limit (mph)

Pre-Crash Scenario 25 3;) ) 4; P 33
Going straight and departed road edge . . .
Going straight and lost control . . °
Negotiating a curve and lost control . .
Negotiating a curve and departed road edge . . .
Initiating a maneuver and departed road edge .
Initiating a maneuver and lost control .
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Based on Table 29, speeding was a significant factor in all “control loss” pre-crash scenarios as
well as in “negotiating a curve and departed road edge” pre-crash scenario on both freeways and
non-freeways. In non-speeding cases, travel speeds of 25, 35, 45, and 55 mph will be considered
for the test scenarios according to the breakdown of posted speed limit by pre-crash scenario in
Table 28. In pre-crash scenarios with considerable speeding cases, this analysis suggests the
addition of 10 mph to the dominant posted speed limits. As a result, Table 30 recommends a
range of travel speeds to select from for each of the eight test scenarios described in the previous
section.

Table 29. Relative Frequency of Target Off-Roadway Pre-Crash Scenarios Cited with
Speeding for Light Vehicles (Based on 1998 GES)

Pre-Crash Scenario Non-Freeway Freeway
Going straight and departed road edge 18% 27%
Going straight and lost control 40% 47%
Negotiating a curve and lost control 53% 54%
Negotiating a curve and departed road edge 38% 32%
Initiating a maneuver and departed road edge 17% 28%
Initiating a maneuver and lost control 47% 45%

Table 30. Range of Travel Speeds (mph) for each Category of Test Scenario

Test Scenario Road Edge Departure | Control Loss

Going straight on undivided non-freeway with two lanes at 25, 35, 45, 55,
A 25,35,55

non-junction. 65
Negotlz}tmg acurve on undivided non-freeway with two lanes 35,45, 55, 65 35,45, 55, 65
at non-junction.
Going straight on freeway with two lanes at non-junction. 55 55, 65
Tmnlng on undivided non-freeway with two lanes at 25 25. 35
intersection.

3.3 ENVIRONMENTAL CONDITIONS OF TEST SCENARIOS

The roadway surface, lighting, and weather conditions constitute the environmental conditions
that were examined in light vehicle off-roadway crashes. The incorporation of environmental
conditions in test scenarios is important to assess the operating range of off-roadway crash
countermeasure systems. Tables 31 and 32 present statistics on environmental conditions that
surrounded light vehicle off-roadway crashes on non- freeways and freeways, respectively.
Moreover, these statistics were described for speeding and non-speeding crash cases. Table 33
recommends the inclusion of some environmental conditions in each category of test scenarios
based on the high frequency of occurrence of these conditions in crash statistics listed in Tables
31 and 32.

34 SYSTEM ROBUSTNESS TESTING
The robustness of off-roadway crash countermeasure systems should also be considered as part
of the test scenarios. System robustness refers to the capability of a system to perform its safety-

critical functions without any degradation under a wide variety of driving conditions.
Recommended conditions include, but are not limited to the following:
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¢ Transmittance of the atmosphere (illumination and precipitation):

Rain, fog, or snow
Dark or bright sunlight
Twilight conditions
Dark rainy conditions

¢ Dynamic motion of the host vehicle:

Vehicle roll on curves either to the right or left (side looking sensor)
Vehicle pitch (forward/down-looking sensor)

¢ Road maintenance:

No lane edge markers

Spacing of lane edge markers (dashed lines)

Worn out lane edge markers (low marker-pavement contrast ratio)
Wet, ice, or snow-covered markers

e Traffic situation:

Following a vehicle at close headway (forward/down-looking sensor)
Following a larger vehicle (masking of message broadcast)
Two vehicles side-by-side in adjacent lanes (side looking sensor)

A set of crash-imminent test scenarios was proposed to evaluate off-roadway crash
countermeasure systems that address “road edge departure” and “control loss” pre-crash
scenarios. These scenarios would require a countermeasure system to provide a signal to the
vehicle or driver. It is noteworthy that a countermeasure system should perform in crash-
imminent scenarios as well as in operational scenarios. The latter scenarios are essential in
objective testing of countermeasure systems by assessing the capability of the system to deal
with driving situations that don’t require any system response. For instance, “road edge
departure” test scenarios that don’t require a signal may include:

Driver’s intent to pull to the side of the road
Changing lanes

Avoiding an obstacle in the road ahead
Turning onto a cross street

Taking an exit ramp (Y-shaped roadways)

A vehicle moving away from a hazardous roadway location may form an operational scenario for
“control loss” crash countermeasure systems. The development of operational scenarios for
objective testing is beyond the scope of this current study and will be done in future research.
Such effort requires further research into the operational capabilities of enabling sensors and
warning algorithms that might be utilized to build off-roadway crash countermeasure systems.
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Table 33. Recommended Environmental Conditions for each Category of Test Scenarios

Test Scenario Road Edge Departure Control Loss
Going straight on undivided non-freeway
with two lanes at non-junction.
Negotiating a curve on undivided non- Clear night on dry surface
freeway with two lanes at non-junction. Adverse day on slippery surface
Going straight on freeway with two lanes Adverse night on slippery surface
at non-junction.
Turning on undivided non-freeway with
two lanes at intersection.

Clear day on dry surface

Clear day on dry surface
Clear night on dry surface

Clear day on dry surface

Clear day on dry surface Adverse night on slippery surface
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4. CONCLUDING REMARKS

This report defined the problem of off-roadway crashes and developed a set of crash imminent
test scenarios to objectively test potential IVI countermeasures for light vehicles. Off-roadway
crashes were defined as all vehicular crashes in which the first harmful event happened off the
roadway. The problem definition included a detailed analysis of off-roadway crashes involving
all vehicles using the 1998 GES crash data base. The results of such an analysis provide
background information to devise concepts, derive functional requirements, develop
performance guidelines, set up objective test procedures, and assess the safety effectiveness of
potential IVI countermeasure systems. This report also presented data on off-roadway crashes
that involved light vehicles based on 1998 GES and commercial vehicles based on 1996-1998
GES. The development of test scenarios for light vehicle countermeasures relied on GES
statistics as well as crash data from a sample of CDS crashes.

The universe of police-reported off-roadway crashes involved about 1,350,000 crashes,
composed of 1,251,000 or 92.6% light vehicle crashes and 70,000 or 5.2% commercial vehicle
crashes in 1998. This analysis selected a target population of off-roadway crashes in which the
involved vehicle was moving in the forward direction and the critical event was characterized by
roadway edge departure or control loss, excluding crashes resulting from evasive maneuvers and
vehicle control loss due to vehicle failure. As a result, the target crash population was estimated
at 992,000 vehicles or 73.5% of all vehicles involved in off-roadway crashes. About 956,000
vehicles or 96.3% of the target crash population were involved in six off-roadway crash
scenarios that depicted vehicle dynamics immediately prior to leaving the roadway. Three pre-
critical event vehicle movements (going straight, negotiating a curve, and initiating a maneuver)
and two critical events (departed road edge and lost control) were combined to form these six
scenarios (3x2 matrix). This analysis designated target off-roadway crashes as those resulting
from the six scenarios.

The physical setting of target off-roadway crashes was described in terms of the roadway type,
land use, relation to junction, number of travel lanes, and posted speed limit. The following
notable results were obtained and presented in terms of the relative frequency of occurrence of

all target off-roadway crashes:

e Non-freeways: 85%
e Away from junctions: 82%
e Rural areas: 66%
e <55 mph Speed Limit: 61%
e Two lanes of travel: 59%

The identification of factors that might have contributed to the cause of target off-roadway
crashes was also attempted by relying on relevant 1998 GES variables. This analysis revealed
the following percentages of all target off-roadway crashes:

e Speeding: 24%
e Alcohol or drugs: 19%
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o Hit and run: 7%
¢ Impairment: 6%
¢ Distraction; 6%
[ ]

Other (none of the above): 38%

Environmental factors were later investigated to infer circumstances that might lead to the 38%
of target off-roadway crashes noted above as “other.” This investigation identified the following
percentages of all target off-roadway crashes (total adds up to 38%):

e Daylight, clear weather, and dry road: 14%
e Dark, clear weather, and dry road: 8%
e Daylight, adverse weather, and slippery road: 6%
e Dark, adverse weather, and slippery road: 5%
e Daylight, clear weather, and slippery road: 3%
¢ Dark, clear weather, and slippery road: 2%

Based on the list above, one may speculate that driving inexperience or some sort of inattention
or distraction might have contributed to the cause of “other” target off-roadway crashes in
daylight, clear weather, and dry roadway surface. Moreover, reduced visibility and or slippery
surfaces might have caused the remaining “other” target off-roadway crashes.

Post roadway departure events were examined in terms of the road departure side, first harmful
event, and maximum injury severity sustained in target off-roadway crashes involving all
vehicles. The vehicle departed the edge of the road or lost control and departed the road on the
following percentages of all target off-roadway crashes:

e Right edge: 59%
e Left edge: 32%
e End departure: 2%
e Unknown 6%

The top 5 objects that the vehicle struck after departing the road and resulted in first harmful
events were:

o Parked vehicle: 21%
e Sign post: 14%
e Culvert or ditch: 11%
o Tree: 10%
¢  Guardrail: 8%

The distribution of maximum injury severity as a consequence of target off-roadway crashes was
as follows:

¢ Noinjury: 63%
¢ Non-incapacitating injury:  15%
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e Possible injury: 13%
e Incapacitating injury: 7%
e Fatal injury: 1%
e Unknown injury: 1%

The 1998 GES statistics and a sample of crashes from the 1993 CDS were utilized to develop a
set of crash imminent scenarios to objectively test potential off-roadway crash countermeasure
systems for intelligent light vehicle applications. Pre-crash scenarios formed the basis for these
test scenarios that were then distinguished by roadway type (freeway/non-freeway), number of
lanes (two), and relation to junction (non-junction/intersection). This report also recommended
test values for the radius of roadway curvature and the width of shoulder. In addition, a range of
vehicle travel speeds and environmental conditions were proposed to better describe these
scenarios. Objective test procedures normally include crash imminent test scenarios and
operational scenarios. The former scenarios are used to assess the capability of countermeasures
to take action in driving situations that require a system response. The latter scenarios are
devised to evaluate the capability of countermeasures to not react in driving situations that do not
lead to imminent crashes. This report did not address operational scenarios that remain to be
investigated in future research.

41






10.

5. REFERENCES

. U.S. Department of Transportation ITS Joint Program Office, ITS National Intelligent

Transportation Systems Program Plan Five-Year Horizon. U.S. Department of
Transportation, Federal Highway Administration, Washington, D.C., FHW A-OP-00-008,
August 2000.

W.G. Najm, M. Mironer, J. Koziol, Jr., J.S. Wang, and R.R. Knipling, Synthesis Report:
Examination of Target Vehicular Crashes and Potential ITS Countermeasures. DOT HS 808
263, June 1995.

J.A. Pierowicz, D.A. Pomerleau, D.L. Hendricks, E.S. Bollman, and N.J. Schmitt, Run-Off-
Road Collision Avoidance Countermeasures Using IVHS Countermeasures. Task 2: Draft
Interim Report, Vol. 1: Technical Findings, U.S. Department of Transportation, National
Highway Traffic Safety Administration, Contract No. DTNH22-93-C-07023, June 1995.

D. Pomerleau, T. Jochem, C. Thorpe, P. Batavia, D. Pape, J. Hadden, N. McMillan, N.
Brown, and J. Everson, Run-Off-Road Collision Avoidance Using IVHS Countermeasures.
Final Report, Contract No. DTNH22-93-C-07023, U.S. Department of Transportation,
National Highway Traffic Safety Administration, Washington, D.C., December 1999.

R. Kiefer, D. LeBlanc, M. Palmer, J. Salinger, R. Deering, and M. Shulman, Development
and Validation of Functional Definitions and Evaluation Procedures for Collision
Warning/Avoidance Systems. Crash Avoidance Metrics Partnership, DOT HS 808 964,
August 1999.

W.G. Najm and M.P. daSilva, Benefits Estimation Methodology for Intelligent Vehicle Safety
Systems Based on Encounters with Critical Driving Conflicts. ITS America’s Tenth Annual
Meeting & Exposition, Boston, Massachusetts, May 2000.

W.G. Najm, M.P. daSilva, and C.J. Wiacek, Estimation of Crash Injury Severity Reduction
for Intelligent Vehicle Safety Systems. SAE 2000 World Congress, Paper No. 2000-01-1354,
Detroit, Michigan, March 2000.

J.S. Wang and R.R. Knipling, Single Vehicle Roadway Departure Crashes: Problem Size
Assessment and Statistical Description. DOT HS 808 113, March 1994.

D. Hendricks, D. Pomerleau, and J. Pierowicz, Run-Off-Road Collision Avoidance
Countermeasures Using IVHS Countermeasures. Task 1, Vol. 1: Technical Findings, DOT
HS 808 497, October 1994.

M. Mironer and D. Hendricks, Examination of Single Vehicle Roadway Departure Crashes
and Potential IVHS Countermeasures. DOT-VNTSC-NHTSA-94-3, DOT HS 808 144,
August 1994.

43



11. National Center for Statistics and Analysis, National Automotive Sampling System General
Estimates System Analytical User’s Manual 1988-1998. U.S. Department of Transportation,
National Highway Traffic Safety Administration, Washington, D.C., 20590, June 1999.

12. National Center for Statistics and Analysis, General Estimates System Coding Manual 1998.
U.S. Department of Transportation, National Highway Traffic Safety Administration, DOT
HS 808 928, June 1999.

13. F.L. Mannering and W.P. Kilareski, Principles of Highway Engineering and Traffic Analysis.
John Wiley & Sons, 1990.



A. LIGHT VEHICLE OFF-ROADWAY CRASH STATISTICS

This appendix provides data on off-roadway crashes that involved light vehicles (passenger cars,
sport utility vehicles, vans, and pickup trucks) based on 1998 GES. The Hotdeck Imputed Body
Type and Special Use variables in the GES “Vehicle/Driver File” were utilized to identify light
vehicles. The Hotdeck Imputed Body Type variable contains the following categories:

Codes 01-09: Automobiles

Codes 10-13: Automobile derivatives

Codes 14-19: Uitility vehicles

Codes 20-29: Van-based light large trucks

Codes 30-39: Light conventional large trucks less than or equal to 4,500 Kg in Gross
Vehicle Weight Ratio (GVWR)

Codes 40-48: Other light large trucks less than 4,500 Kg GVWR

Codes 50-59: Buses excluding van-based

Codes 60-78: Medium/heavy large trucks greater than 4,500 Kg GVWR

Codes 80-89: Motored cycles excluding all terrain vehicles/cycles

Codes 90-97: Other vehicles

The relevant codes of the Special Use variable are:

Code 00: No special use

Code 03: Vehicle used as “other” bus
Code 05: Police

Code 06: Ambulance

Code 07: Fire truck and car

The codes 01-22, 28—41, or 4548 from the Hotdeck Imputed Body Type variable and code 00
from the Special Use variable identify crashes that involved at least one light vehicle. Figure A-1

illustrates the distribution of off-roadway crashes that involved at least one light vehicle. Tables
A-1-A-22 present detailed statistics of off-roadway crashes involving this vehicle platform.



PR Off-Roadway Crashes

1,251,000 Vehicles
Single Vehicle Crash Backing Crash Other Crash Type No Impact
87.1% 6.2% 6.4% 0.2%
| | Edge Departure | | Edge Departure Evasive Maneuver
o d452% 74.2% | 61.4%
[ | ffC"bhti‘ol Loss | _| Evasive Maneuver | | Céntrol: Loss:
U 36.9% 24.2% 221% '
Evasive Maneuver | || Control Loss | | Edge Departure
] 15.1% 1.3% 14.8%
Vehicle Failure | | Vehicle Failure || Vehicle Failure
2.9% 0.3% 1.7%

Figure A-1. Distribution of Off-Roadway Crashes Involving Light Vehicles

(Based on 1998 GES)
Table A-1. Target Off-Roadway Pre-Crash Scenarios for Light Vehicles
(Based on 1998 GES)
. Relative Cumulative Cumulz.mve
Pre-Crash Scenario Frequency F * Frequenc Relative
requency req ¥ Frequency*
IGoing straight and departed road edge 327.000 35.3% 327,000 35.3%
Going straight and lost control 210.000 22.7% 537.000 58.1%
Negotiating a curve and 1gst control 153.000 16.5% 690.000 74.6%
INegotiating a curve and departed road edge 104,000 11.2% 794,000 85.8%
Initiating a maneuver and departed road edge 51,000 5.5% 845,000 91.3%
Initiating a maneuver and lost control 48.000 5.2% 893.000 96.5%

* Scenario crash frequency relative to the frequency of target crash population (925,000)
Note: Frequency values are rounded to the nearest 1,000.




Table A-2. 95% Confidence Bounds of Target Off-Roadway Pre-Crash Scenario Counts
for Light Vehicles (Based on 1998 GES)

. Lower 95 % Upper 95 %
Pre-Crash Scenario Frequency Confidence Bound Confidence Bound
Going straight and departed road edge 327,000 283,000 371,000
Goi‘nistrai ght and lost control 210,000 180,000 240,000
Negotiating a curve and lost control 153,000 130,000 176,000
Negotiating a curve and departed road edge 104,000 87,000 121,000
Initiating a maneuver and departed road edge 51,000 41,000 61,000
Initiating a maneuver and lost control 48.000 39,000 57.000
Total 893,000 782,000 1,004,000

Table A-3. Distribution of Vehicles Movements in “Initiating a Maneuver” Scenarios

(Based on 1998 GES)
Maneuver .
Gumulative
Pre-Crash Scenario . Passing or ) Slowing or . . Total
Turning > Parking | "o Merging | Starting Total
I"‘] “a““gl ;ad"m edivleﬂ and 0s% | 104% | 1% | 40% 09% | 10% | 1000%| 51000
Im“a“l“ga"”ma adlost | oo | 213% 1% | 106% | 21% | 09% | 100%| 48000
Avemg G22% | 0% | 124% | 12% 15% | 09% | 1000%
Cormilative Total]_ 61,000 | 15000 | 12000 | 7,000 To00 | 1000 99,000

Table A-4. Distribution of Target Off-Roadway Crash Scenarios by Roadway Type for
Light Vehicles (Based on 1998 GES)

Non-Freeway Freeway
Crash Scenario Frequency Relative Frequency Relative

Frequency Frequency

Going straight and departed road edge 289,000 38.0% 38,000 29.0%
Going straight and lost control 153,000 20.2% 57,000 43.1%
Negotiating a curve and lost control 133,000 17.5% 19,000 14.8%
Negotiating a curve and departed road edge 97,000 12.7% 7,000 5.4%
Initiating a maneuver and departed road edge 49,000 6.4% 2,000 1.6%
Initiating a maneuver and lost control 40,000 5.2% 8.000 6.0%
Total 761,000 100.0% 132,000 100.0%

* 55.1% of freeway crashes occurred on interstate highways

A-3



Table A-5. Distribution of Target Off-Roadway Pre-Crash Scenarios on Non-Freeways by
Land Use and Relation to Junction for Light Vehicles (Based on 1998 GES)

Pre-Crash Scenario | Land Use : Relationship to Junction
Non-Junction | Intersection | Driveway | Ent/Exit Ramp| Other | Total
(512“;‘;) 89.3% 8.1% 0.4% 0.6% 17% | 100.0%
Going Straight and U.bar(:
Departed Road Edge T 91.3% 7.9% 0.0% 0.4% 0.3% | 100.0%
(38.2%)
(289,000) T
OWI1
6.0%) 90.5% 7.8% 0.0% 0.0% 17% | 100.0%
Rural
(128%) 88.8% 7.1% 0.3% 0.6% 32% | 100.0%
Going Straight and Lost Urban
|control (153.000) (178%) 79.9% 13.7% 0.0% 1.4% 51% | 100.0%
Unknown .
9.4%) 91.0% 6.3% 0.7% 0.0% 2.1% | 100.0%
Rural
(75.0%) 92.4% 3.6% 0.0% 2.1% 19% | 100.0%
Negotiating a Curve and Urban
Lost Control (133,000) ©.9% 76.5% 9.1% 0.0% 13.1% 1.4% | 100.0%
Unknown | - o) 707 0.8% 0.5% 6.0% 00% | 100.0%
(15.1%)
Rural
95.9% 2.4% 0.2% 0.5% 1.0% | 100.0%
. (77.9%)
Negotiating a Curve and Urban
Departed Road Edge T 86.1% 6.8% 0.7% 4.2% 23% | 100.0%
(97.000) (12.9%)
Unknown | o 000 0.0% 0.0% 3.1% 0.0% | 100.0%
(9.2%)
Rural
(522%) 35.5% 53.7% 10.8% 0.0% 0.0% | 100.0%
Initiating a Manuever and U'b =
Departed Road Edge roan 2.1% 51.5% 5.6% 0.0% 0.8% | 100.0%
(43.7%)
(49,000) T
nknown 3.9% 94.2% 19% 0.0% 00% | 100.0%
(4.1%)
Rural
656%) 23.7% 68.1% 5.0% 1.6% 1.6% | 100.0%
Initiating a Manuever and | Urban
Lost Control (40.000) 274%) 10.1% 79.2% 6.0% 1.4% 34% | 100.0%
Unknown 18.6% 74.3% 3.9% 0.0% 32% | 100.0%
(7.0%)
Average]  832% 12.9% 0.9% 1.2% 17% | 99.9%
Cumnulative Total] 633,000 98,000 7,000 9,000 13,000 | 761,000
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Table A-6. Distribution of Target Off-Roadway Pre-Crash Scenarios on Freeways by

Land Use and Relation to Junction for Light Vehicles (Based on 1998 GES)

. Relationship to Junction
Pre-Crash Scenari Land Use
0 Non-Junction | Intersection | Driveway | Ent/Exit Ramp | Other | Total
51;“;;1 93.8% 0.3% 0.0% 35% 24% | 100.0%
Going Straight and (U b )
Departed Road Edge roan 92.3% 0.0% 0.0% 5.6% 2.1% | 100.0%
(30.9%)
(38,000) Ok
own
(16.0%) 94.2% 1.7% 0.0% 2.5% 1.5% | 100.0%
Rural 81.9% 2.0% 0.0% 6.6% 9.5% | 100.0%
( 5 8 2 % ) 270 J70 \J70 070 D70 8
Going Straight and Lost |  Urban
Control (57.000) (26.1%) 84.7% 1.1% 0.0% 9.2% 5.1% | 100.0%
Unknown
(157%) 95.6% 0.0% 0.0% 0.0% 4.5% | 100.0%
Rural
47.6%) 49.9% 1.0% 0.0% 47.7% 14% | 100.0%
Negotiating a Curve and|  Urban
Lost Control (19,000) (33.9%) 62.3% 3.7% 0.0% 26.7% 7.4% | 100.0%
Unknown
(18.5%) 66.4% 7.2% 0.0% 26.4% 0.0% | 100.0%
Rural
70.6% 6.5% 0.0% 18.1% 4.8% | 100.0%
- 1 (52.7%)
Negotiating a Curve and Trb
Departed Road Edge roan 48.2% 3.4% 0.0% 45.7% 27% | 100.0%
(38.0%)
(7,000) Tk
own 100.0% 0.0% 0.0% 0.0% 0.0% | 100.0%
(9.3%)
Rural
(38.0%) 83.8% 85% 0.0% 7.7% 0.0% | 100.0%
Initiating a Manuever G b 2
and Departed Road ( 57‘ 0’;‘) 74.4% 16.9% 0.0% 8.7% 0.0% | 100.0%
Edge (2,000) = 2
OWI
(5.0%) 100.0% 0.0% 0.0% 0.0% 0.0% | 100.0%
Rural 60.8% 12.5% 6.7% 17.7% 23% | 100.0%
( 49 0 % ) .O7/0 .J 70 .10 .1/ D70 U0
Initiating a Manuever Urban
and Lost Control (8,000)] (42.6%) 65.1% 16.1% 0.0% 16.3% 2.5% | 100.0%
Unknown | 71 5q 16.7% 0.0% 119% | 0.0% | 100.0%
(8.4%)
Average 80.3% 2.3% 0.0% 12.1% 45% | 99.2%
Cumulative Total 106,000 3,000 * 16,000 6,000 | 132,000

* refers to a crash count below 500




Table A-7. Distribution of Number of Lanes in Target Off-Roadway Pre-Crash Scenarios
on Undivided Non-Freeways for Light Vehicles (Based on 1998 GES)

. Nummber of Lanes Cumulative

Pre-Crash Scenario 1] 2 3] a1 51 6157wkl ™| Tow

Going straight and departed road edge 08%| 553% | 21% | 46% | 1.7% | 02% | 0.0%| 353% | 100.0%| 260,000
Going straight and lost control 09%]| 702% | 22% | 3.6% | 1.5% | 02% | 02%| 213% | 100.0%| 139000
Negotiating a curve and lost control 03%) 769% | 1.5% | 15% | 0.1% | 00% | 0.1%| 19.6% | 1000%| 120000
Negotiating a curve and departed road edge 00%| 792% | 09% | 1.7% | 0.1% | 0.1% | 0.0%] 18.0% | 1000%| 91000
Initiating a meneuver and departed roadedee | 1.0% | 429% | 29% | 7.4% | 33% | 1.29% | 07%| 407% | 100.0%| 41000
Initiating a maneuver and lost control 00% | 545% | 56% | 49% | 55% | 1.0% | 14%| 27.0% | 1000%| 34000

Averagel 06% | 645% | 2.1% | 3.6% [ 14% | 03% | 02%] 273% | 100.0%
Cumulative Total] 4,000 | 442,000] 14,000 25,000] 10,000] 2,000 1,000 187,000 686,000 |

Table A-8. Distribution of Number of Lanes in Target Off-Roadway Pre-Crash Scenarios
on Divided Non-Freeways for Light Vehicles (Based on 1998 GES)

. Nummber of Lanes Cunulative
Pre-Crash Scenario T ] 21 371 a1 5] 617wkl | fua
Going straight and departed road edge 13.0%| 35.0%} 19.7%| 6.3% | 0.3%| 1.3%] 0.0%] 24.5%| 100.0%] 28,000
Going straight and lost control 6.8% | 45.8%| 20.1%| 49% | 0.4%| 0.0%] 0.0%| 22.1%| 100.0%| 14,000
[Negotiating a curve and lost control 30.1%| 30.1%| 13.2%] 2.1% | 0.7%] 0.0%] 0.0%| 23.9%| 1000%| 6,000
| Negotiating a curve and departed road edge 214%)| 42.3%| 9.8% | 1.7% | 0.0%] 0.0%] 0.0%| 24.9%| 100.0%| 13,000
Initiating a rmaneuver and departed road edge 5.6% | 29.9%)] 209% )| 3.2%| 12%| 0.0%] 0.0%] 39.3%] 100.0%]| 8,000
Initiating a maneuver and lost control 17.2%1 33.9%| 17.5%| 59%| 0.0%] 0.0%| 0.0%| 25.7%| 1000%| 6,000

Average] 14.9%| 36.2%| 17.8%] 4.6% | 0.4%] 0.5%] 0.0%] 25.6%] 100.0%
Cunulative Total] 11,000{27,000] 13,000 3.000] * * | = 119000 75000 |

* refers to a crash count below 500

Table A-9. Distribution of Number of Lanes in Target Off-Roadway Pre-Crash Scenarios
on Freeways for Light Vehicles (Based on 1998 GES)

. Novber of Lanes Coulative
Pre Crash Scenario 1 2 3] 4] 51 6 17 Twk]l ™| Toa
Going straight and departed road edge 46% | 569% | 197% | 87% | 63% | 04% | 00%} 34% | 1000%| 38000
Going straight and lost control 44% | 480% | 232% | 13.8%| 39% | 14% | 08% | 44%| 1000%| 57,000
Negotiating a curve and lost control 254% ] 376% | 197%} 75% | 17% | 00% | 00%| 82%| 1000%| 7,000
Negotiating a curve and departed road edoe 285%| 407% | 186% | 75% | 0.1% | 00% | 00%| 45%| 1000%| 19,000
Initiating 2 meneuver and deperted road edee 50% | 444% | 148% | 207%| 8.1% | 40% | 00% | 31% ] 1000%| 2,000
Initiating a meneuver and lost control 90% | 337% | 223% | 17.1%| 44% | 00% | 00%| 7.6% | 1000%] 8000

Averasd 92% | 477% | 21.6% | 114%] 42% | 08% | 04% [ 4.8% | 100.0%
Qumulative Total] 12000 63,000 | 28000 | 15000} 6000 [ 1000] * [6000 132,000 |

* refers to a crash count below 500

Table A-10. Distribution of Posted Speed Limits in Target Off-Roadway Pre-Crash
Scenarios on Non-Freeways for Light Vehicles (Based on 1998 GES)

. Posted Speed Lirrit (mph) Cumilative
Pre-Crash Soererio D] s D] B 0] 6] ] 5 0] 6 6] ™2 T
Going straight and departed road edee 32% | 273% | 13.0%] 159% | 53% | 11.0%] 28% | 181% | 08%] 1.7% | 1.0% |1000%] 289,000
Goaing straight and lost control 12% | 149% | 73% | 148% | 46% | 130%| 67% | 343% | 04%| 19% | 1.0% [1000%] 153000
Neortiatine a curve and lost control 27% | 11.6% | 99% | 173% | 65% | 143%| 32% | 33.1% | 04%| 09% | Q1% [1000%] 133000
[Negotiating a qurve and departed road edee 34% | 121% | 86% | 159% | 58% | 158%| 17% | 342% | L.0%| 08% | 07% [ 100094 97,000
Initiating a reneuver and departed roed edee 48% | 386% | 125%| 203% | 46% | 100%| 26% | 53% | 07%] 04% | 02% [1000%] 49000
Initiating a renetver and lost cortrol 6.0% | 243% | 93% | 165% | 86% | 141%] 29% | 168% | 02%| 07% | 06% | 1000%] 40000

Average] 30% | 207% | 103%] 162% | 56% [ 127%] 35% | 251% | 06%| 13% | 07% ] 1000%]
Qumlative Total] 23,0000 157,000 80,0000 123,000 42,000 96,0000 27.0000 1910000 50000 100000 5.000 761000 |
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Table A-11. Distribution of Contributing Factors in Target Off-Roadway Pre-Crash
Scenarios on Non-Freeways for Light Vehicles (Based on 1998 GES)

Contributing Factors/Driver Circumstance Cumulative
Pre-Crash Scenario Alcohol | Driver Driver . . Total
or Drugs |Impaired| Distracted Speeding | Hit/Run| Other Total

Going straight and 247% | 95% 9.4% 105% | 145% | 31.5% |100.0%| 289,000
departed road edge

So‘;:t‘;ils“a‘gh‘ and lost 182% | 2.5% 32% 203% | 3.1% | 43.8% [100.0%| 153,000
Negotiatingacurveand | /o0 | 190 | 41% | 414% | 1.0% |37.0% |100.0%| 133,000
lost control

Negotiating a curveand | 4 oo | 7 g 71% | 259% | 33% | 32.2% |1000%| 97,000
departed road edge

Initiating 2 maneuverand | 15 5 | | 74, 37% 115% | 147% | 51.0% |100.0%| 49,000
departed road edge

Initiating a manewverand | . o0 | 130 | 289 | 35.0% | 33% |39.9% [100.0%| 40,000
lost control

Average] 20.8% | 5.5% 6.2% 23.0% | 7.8% | 36.7% [100.0%
Cumulative Total] 158,000 | 42,000 | 47,000 | 175,000 | 60,000 279,000 761,000 |

Table A-12. Distribution of Environmental Conditions in “Other” Target Off-Roadway Pre-
Crash Scenarios on Non-Freeways for Light Vehicles (Based on 1998 GES)

Dy Cumilative
PreCrshSoemrio | Qexr& | Ger & | Adversed | Advarw& | Ger& | Oear & | Advere& | Advese& | Tod | o 0
Dy | Sippay Dry Siippery Dry | Sippery Dry Sippery
g‘ga;“g‘mm % | 32% | 0% a4 | 318% | 33% | 08% 67% | 1000%| 91000
(Coing sraght and st 184% | 138% | 08% %% | 153% | 74% | oo 192% | 1000%| 67,000
Negiamgaaneadlot | 0 | 59, | 0o Re% | 108% | 1% | 03% 05% | 1000%| #9000
mmﬁgm 8% | 41% | 0% 1% | 93% | 3m | os% 71% | 1000%| 31000
hm‘gwm 6% | 4% 00% s9% | 0% | 43% 00% 4% | 1000%| 25000
Iitiating a reneuver and
e %% | 1566 | 0em 151% | 112% | 42% 13% B | 1000%] 16000
ost control
Averes] 1% | 8% 0% 51% ]| 20% | 5% | 06k BO% ] 100%
Qumlaive Toal 95000 | 25000 | 100 200 | 61000 | 17000 | 2000 36000 27900 |
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Table A-13. Distribution of Environmental Conditions in Target Off-Roadway Pre-Crash
Scenarios Cited with Speeding on Non-Freeways for Light Vehicles

* refers to a crash count below 500

(Based on 1998 GES)
Day Dark Curlative
Pre-Crash Scenario | Clear {Clear &] Adverse| Adverse & | Clear| Qlear & | Adverse] Adverse &| Total Total
& Dry| Slipper| &Dry | Slippery |&Dry| Slippery | &Dry | Slippery
Going straight and
e odue 319%| 53% | 00% | 118% [337%| 49% | 12% | 111% | 1000%| 30000
iﬁifmghmdk’“ 190%| 158% | 03% | 176% [200%] 113% | 01% | 160% | 1000%] 4500
Negotiatingacurveand 5, 20, | 1500 | 0.0% | 209% [206%] 81% | 05% | 132% | 1000% 55,000
Jost control
Negotiating a curve and
o 384%| 62% | 00% | 96% [30.1%| 34% | 04% | 119% | 1000%| 25000
Initiating a maneuver and
4%| 3. . . . . . 4 . ,
road e 364%| 35% | 00% | 33% |360%| 86% | 00% | 124% |1000%| 6000
Initiating armanewver and| ¢ 0| 16 a0e | 009 | 2320 [198%| 32% | 00% | 112% 100.0% | 14,000
lost control
Average] 260%] 120% ] 01% | 165% |245%] 73% | 05% | 132% | 1000%
Curnulative Total| 45,000] 21.000| 20000 |43000] 13,000 | 1000 | 23,000 175,000 ]

Table A-14. Distribution of Contributing Factors in Target Off-Roadway Pre-Crash
Scenarios on Freeways for Light Vehicles (Based on 1998 GES)

) Contri!mtingj‘actf)rs/Driver Circumstance Cumulative
Pre-Crash Scenario Alcohol | Driver Driver Speeding | Hit/Run| Other Total Total
or Drugs | Impaired | Distracted P g
Going straight and departed | 015 | 5160 | 62% | 175% | 12% |333%)100.0% 38,000
road edee
Going straight and lost 92% 1.9% 21% | 419% | 12% [43.7%|100.0%| 57,000
control
Ic\ffft‘r’;‘]a““g acurveandlost | )0 | 4q 23% | 463% | 04% |37.4%|1000%| 19,000
Negotiating a curve and 192% | 16.7% 9.8% 21.4% | 0.0% |32.8%|100.0%| 7,000
departed road edge
Initiating a maneuver and 5.5% 1.2% 201% | 23.5% | 45% |453%]1000%| 2.000
departed road edee
i’(‘;{:‘;’:{’g amaneuver and lost) ¢ 0.0% 1.0% | 369% | 1.0% [51.5%100.0%| 8,000
Average| 13.3% | 83% 4.0% 33.8% | 1.1% [39.7%]100.0%
Cumulative Total] 17,000 | 11,000 | 5,00 | 44,000 | 1.000 |52,000 132,000 ]
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Table A-15. Distribution of Environmental Conditions in “Other” Target Off-Roadway
Pre-Crash Scenarios on Freeways for Light Vehicles (Based on 1998 GES)

* refers to a crash count below 500

Day Dark ]

Pre-Crash Scerario Qear & | Qear & | Adverse & Adverse & Qlear & | Qear & |Adverse & Adverse &| Total Total
Dy |Sipey| Dy | Sippery| Dy | Sippay| Dy | Sippery
madGO“‘g&;’g‘gm‘ﬂdq“‘ed 463% | 00% | o6% | 109% | 20w | 41% | 05% | s57% | 1000%| 13000
Going straight and lost 193% | 86% | 03% | 28% | 156% | 69% | 03% | 262% | 1000% | 25000
Negotitigacveandiost| 100 | g9 | 00 | 319% | 153% | 98% | o0om | 21% | 1000%| 700
Ihgmm” ' m}ga:;m 515% | 30% | 00% | 83% | 271% | 68% | 00% | 34% | 1000%| 2000
Tratiating I:ad‘“" edgm'“ ad 1% | 00w | 0o% | 198% | 28% | oo | 0om | 254% | 1000%| 1000
Initiatingammewerand | o000 | yseq | 0om | 135% | 13% | 43% | 0o% | 163% | 1000%| 4000
Jost control
Averags]_217% |_67% | 03% | 108% | 199% | 63% | 03% | 191% | 1000%
Curnilative Tora] 14000 | 3,000 * 10000 | 10000 | 3000 * 10000 52000_]

Table A-16. Distribution of Environmental Conditions in Target Off-Roadway Pre-Crash
Scenarios Cited with Speeding on Freeways for Light Vehicles (Based on 1998 GES)

* refers to a crash count below 500

Day Dark Cummulative
Pre-Crash Scenario | Qear &| Qlear &| Adverse | Adverse &| Clear | Clear & | Adverse | Adverse &| Total Total
Dry |Slippery| &Dry | Slippery | & Dry| Slippery| &Dry | Slippery
Going straight and
e 373% | 26% | 00% | 22% |238%| 00% | 00% | 141% |1000%| 7.000
C(i?l‘:;ils“a‘gh‘a“dlost 116% | 11.0% | 00% | 362% | 69% | 101% | 00% | 243% |1000%| 24,000
Negotiatingacurveand | 46000 | 1449 | 00% | 358% | 94% | 106% | 00% | 199% |1000%| 9000
lost control
i@“ﬁ;:‘;aﬂd 458% | 00% | 00% | 48% |167%| 00% | 00% | 327% |1000%| 2000
Initiating a maneuver and %
i 38% | 00% | 00% | 125% |537%| 00% | 00% | 00% |1000%
Injtiating a manewverand | /20 | 9o | 00% | 373% |121%| 26% | 00% | 233% |1000%| 3000
lost control
Average] 167% | 99% | 00% | 32.7% | 1.1%] 7.8% | 00% | 21.8% | 100.0%
Curmlative Towl] 7,000 | 4000 | * 15000 | 5,000] 3000 | * 10,000 44,000



Table A-17. Distribution of Departure Side in Target Off-Roadway Pre-Crash Scenarios
on Non-Freeways for Light Vehicles (Based on 1998 GES)

Departure Side .
Pre-Crash Scenario End Total Cug‘nulalt ve
Left Edge] Right Edge Departure] Unknown} ota
Going straight and departed
23.2% 67.2% 4.4% 5.2% 100.0% 289,000
road edge
Going straight
oing straight and lost 36.4% 50.1% 17% 11.8% | 100.0% | 153,000
control
Neootiat
cgotiating a curve and lost | . o, 55.6% 0.4% 56% | 1000% | 133,000
control
Negotiating a curve and 27.3% 68.8% 0.8% 31% | 100.0% | 97,000
departed road edge
Initiating a maneuver and
departed road edee 27.7% 65.1% 2.1% 51% 100.0% 49,000
Imtiating 2 maneuver and
lost control ) 34.7% 53.0% 1.0% 11.3% 100.0% 40,000
A:verage 29.9% 61.0% 2.4% 6.6% 100.0%
Cumulative Total] 228,000 464,000 18,000 51,000 | 761,000 |

Table A-18. Distribution of Departure Side in Target Off-Roadway Pre-Crash Scenarios
on Freeways for Light Vehicles (Based on 1998 GES)

* refers to a crash count below 500

A-10

. Departure Side Cumulative
Pre-Crash Scenario Left Edge| Right Edge| End Departure | Unknown Total Total
Going straight and 48.0% 51.3% 0.3% 0.5% 100.0%
38,000
departed road edge
Going straight and lost 50.4% 45.6% 0.0% 4.0% 100.0% 57.000
control ’
Negotiating a curve and 48.9% 48.9% 0.0% 2.1% 100.0% 19.000
lost control ’
Negotiating a curve and 50.5% 46.9% 0.0% 2.5% 100.0%
7,000
departed road edge
Initiating a maneuver and | 59.4% 40.6% 0.0% 0.0% 100.0%
2,000
departed road edge
Initiating a maneuver and | 52.7% 40.2% 0.0% 7.1% 100.0% $.000
lost control ’
Average| 49.8% 47.4% 0.1% 2.7% 100.0%
Cumulative Total| 65,000 62,000 * 4,000 132,000 |




Table A-19. Distribution of First Harmful Events by Target Off-Roadway Pre-Crash
Scenarios on Non-Freeways for Light Vehicles (Based on 1998 GES)

. Pre-Crash Scenario Cumulative
First Harmful Event 1 3 3 n 3 3 Average Total
Non- Rollover 2.6% 10.1% 8.3% 6.8% 1.8% 6.4% 6.0% 44,000
collision Immersicn 0.0% 0.1% 0.2% 0.1% 0.0% 0.5% 0.1% 1,000
Other 0.1% 0.0% 0.2% 0.0% 0.0% 0.0% 0.0% *
Pedestrian 0.4% 0.0% 0.0% 0.1% 0.9% 0.0% 0.2% 2,000
Cyclist 0.0% 0.0% 0.1% 0.1% 0.1% 0.0% 0.0% *
Object Animal 0.0% 0.2% 0.2% 0.0% 0.0% 0.0% 0.1% 1,000
Not Fixed Veh in Transport 0.0% 0.2% 0.1% 0.0% 0.0% 0.0% 0.0% *
Parked Vehicle 41.1% 8.1% 2.9% 8.3% 43.6% 8.0% 18.6% 167,000
Other/Non Mot. 0.0% 0.2% 0.0% 0.0% 0.0% 0.0% 0.0% *
Other Object 0.2% 0.5% 0.0% 0.4% 0.0% 0.3% 0.2% 2,000
Ground 0.1% 0.2% 0.2% 0.1% 0.0% 0.2% 0.1% 1,000
Building 0.7% 0.7% 0.4% 0.6% 1.0% 1.4% 0.8% 5,000
Impact Attenuation 0.1% 0.0% 0.3% 0.0% 0.0% 0.0% 0.1% 1,000
Bridge Structure 0.9% 1.9% 0.6% 0.8% 0.2% 1.3% 0.9% 8,000
Guardrail 3.1% 6.2% 11.5% 5.9% 2.2% 8.9% 6.3% 44,000
Concr Traffic Barrier | 0.9% 1.4% 2.1% 0.8% 1.9% 4.1% 1.9% 11,000
Sign Post 14.9% 15.2% 128% | 17.1% 19.5% 19.5% 16.5% 117,000
Crash Culvert or Ditch 8.7% 151% | 144% | 16.1% 7.7% 5.5% 11.2% 89,000
With Curb 4.1% 4.3% 4.83% 2.9% 8.3% 14.5% 6.5% 38,000
Fixed Embankment 2.5% 5.5% 13.4% 8.4% 0.7% 4.3% 5.8% 44,000
Object Fence 3.5% 6.8% 4.2% 5.1% 2.3% 7.8% 4.9% 35,000
Wall 1.0% 1.5% 0.8% 1.1% 1.3% 1.3% 1.1% 8,000
Fire Hydrant 0.8% 1.3% 0.5% 0.8% 1.7% 1.0% 1.0% 7,000
Shrubbery/Bush 0.7% 0.3% 0.3% 0.4% 0.4% 0.9% 0.5% 4,000
Tree 7.9% 13.5% | 158% | 17.0% 5.1% 10.2% 11.6% 88,000
Boulder 0.3% 0.5% 1.1% 1.5% 0.2% 0.5% 0.7% 5,000
Pavement Irregularity | 0.0% 0.1% 0.0% 0.0% 0.0% 0.0% 0.0% *
Other Fixed Object 5.1% 5.1% 4.2% 5.4% 1.3% 2.9% 4.0% 35,000
Fix Object-No Detail | 0.6% 1.3% 0.7% 0.5% 0.0% 0.6% 0.6% 5,000
Average| 38.0% | 202% | 12.7% | 17.5% 6.4% 5.2% 100.0%
Cumulative Total] 289,000 | 153,000 | 133,000 97,000 | 49,000 | 40,000 761,000 I
Key to Scenarios
1{Going straight and departed road edge
2{Going straight and lost control
3[Negotiating a curve and lost control
4|Negotiating a curve and departed road edge
5|Initiating a maneuver and departed road edge
6|Initiating a maneuver and lost control

* refers to a crash count below 500



Table A-20. Distribution of First Harmful Events by Target Off-Roadway Pre-Crash
Scenarios on Freeways for Light Vehicles (Based on 1998 GES)

. Pre-Crash Scenario Cumulative
First Harmful Event 1 3 3 3 3 3 Average Total
Rollover 12.0% | 11.0% 9.3% 8.2% 4.3% 8.9% 9.0% 14,000
I;Il‘."f' Tmmersion 00% | 0.1% | 00% | 0.0% | 00% | 0.0% | 0.0% .
cotision Other 00% | 00% | 00% | 00% | 00% | 00% | 0.0% "
Pedestrian 0.1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% *
Cyclist 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% *
Object Animal 0.0% 0.2% 0.4% 0.0% 0.0% 0.0% 0.1% *
Not Veh in Transport 0.0% 0.7% 0.2% 0.0% 0.0% 0.0% 0.2% *
Fixed Parked Vehicle 10.4% 2.5% 1.0% 2.6% 24.1% 5.9% 7.7% 7,000
Other/Non Mot. 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% *
Other Object 0.6% 0.0% 0.0% 0.0% 0.0% 0.0% 0.1% *
Ground 0.3% 0.3% 0.0% 0.0% 0.0% 0.0% 0.1% *
Building 0.2% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% *
Impact Attenuation | 1.0% 0.2% 0.0% 1.3% 9.0% 0.0% 1.9% 1,000
Bridge Structure 2.1% 5.6% 1.3% 1.3% 0.0% 1.9% 2.0% 4,000
Guardrail 23.6% | 21.4% | 269% | 260% | 7.3% | 17.5% | 20.4% 30,000
Concr Traffic Barrier| 10.2% | 22.5% | 25.3% 11.3% | 249% | 33.2% | 21.2% 25,000
Sign Post 10.0% 3.6% 8.6% 18.1% 17.6% 0.0% 9.7% 9,000
Crash Culvert or Ditch 7.0% 8.6% 5.8% 3.5% 7.3% 3.7% 6.0% 9,000
With Curb 2.3% 3.8% 4.6% 1.3% 1.2% 6.2% 3.2% 5,000
Fixed Embankment 4.0% 5.0% 4.7% 8.2% 0.0% 7.6% 4.9% 6,000
Object Fence 3.0% 2.6% 2.5% 1.2% 0.0% 1.2% 1.8% 3,000
Wall 1.6% 1.7% 3.7% 6.2% 0.0% 7.5% 3.5% 3,000
Fire Hydrant 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% *
Shrubbery/Bush 0.6% 0.4% 1.5% 0.0% 0.0% 0.0% 0.4% 1,000
Tree 7.7% 7.5% 3.7% 8.3% 0.0% 6.5% 5.6% 9,000
Boulder 0.6% 0.5% 0.4% 0.0% 0.0% 0.0% 0.2% 1,000
Pavement Irregularity| 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% *
Other Fixed Object | 2.2% 1.8% 0.0% 2.7% 4.3% 0.0% 1.8% 2,000
Fix Object-No Detail] 0.7% 0.0% 0.0% 0.0% 0.0% 0.0% 0.1% *
Average] 29.0% | 43.1% 5.4% 14.8% 1.6% 6.0% 100.0%
Cumulative Totalf 38,000} 57,000 | 19,000 | 7,000 | 2,000 | 8,000 132,000 |

Key to Scenarios

Going straight and departed road edge

Going straight and lost control

Negotiating a curve and departed road edge

1
2
3|Negotiating a curve and lost control
4
5

Initiating a maneuver and departed road edge

=)}

Initiating a maneuver and lost control

* refers to a crash count below 500



Table A-21. Distribution of Maximum Injury Severity by Target Off-Roadway Pre-Crash
Scenarios on Non-Freeways for Light Vehicles (Based on 1998 GES)

Maximum Injury Severity
Cumulative

Pre-Crash i - i- Total

re-Crash Scenario None |Possible Nm.l . IncaPaCI Fatal jUnknown o Total

Incapacitating tating

Goi igh

oing straight and 64.4% | 13.0% 14.5% 6.2% 08% | 09% |1000%| 289,000
departed road edge
gf:?rilm’gmandm 60.1% | 14.3% 16.5% 72% 12% | 0.7% |1000%]| 153,000
Negotiati

cgotiatingacurveand | ) oo | 1y 7, 15.2% 8.4% 13% | 05% |1000%| 133,000
lost control

Gati
Negotiating a curve and | o) (o | 15 o 18.6% 9.3% 17% | 12% |1000%| 97,000
departed road edge
Initiating a maneuver and | g 5 | ¢ g 7.7% 3.1% 00% | 1.0% |1000%| 49000
departed road edge
Initiating a maneuver and
st control 722% | 10.1% 10.3% 5.9% 06% | 09% |1000%| 40,000

Average] 63.0% | 13.2% 14.9% 7.0% 1.0% | 08% |100.0%
Cumulative Total] 480,000{ 101,000 113,000 53,000 8,000 6,000 761,000 I

Table A-22. Distribution of Maximum Injury Severity by Target Off-Roadway Pre-Crash
Scenarios on Freeways for Light Vehicles (Based on 1998 GES)

A-13

Maximum Injury Severity .
Pre-Crash Scenario None Possi- NOl:l- . IncaPaci- Fatal |Unknown Total Cm,;:::lh ve
ble |Incapacitating tating

Going straight and 52.6% | 14.9% 18.8% 10.1% 3.1% 0.5% 100.0% 38.000
departed road edge ’
Going straight and lost 61.4% | 15.4% 122% 9.7% 0.5% 09% [ 1000% [ & 000
control ’
Negotiating a curve and 62.9% | 15.4% 11.8% 8.0% 1.9% 0.0% 100.0% 19.000
lost control ’
Negotiating a curve and 47.0% | 18.9% 22.7% 7.9% 3.4% 0.0% 100.0% 7 000
departed road edee ’
Initiating a maneuver and | 72.2% | 13.0% 12.6% 1.4% 0.8% 0.0% 100.0% 2000
departed road edge ’
Initiating a maneuver and | 64.9% | 9.3% 17.7% 7.9% 0.2% 0.0% | 100.0%
lost control 8,000

Average| 58.7% | 15.0% 14.9% 9.2% 1.6% 0.5% 100.0%

Cumulative Total| 77,000 | 20,000 20,000 12,000 2,000 1,000 132,000 |






B. COMMERCIAL VEHICLE OFF-ROADWAY CRASH STATISTICS

This appendix provides data on off-roadway crashes that involved commercial vehicles (large
trucks - medium and heavy trucks) based on 1996-1998 GES. The codes 60, 64, 66, or 78 from
the Hotdeck Imputed Body Type variable and not codes 05-07 from the Special Use variable
identify this vehicle platform in the GES. Figure B-1 illustrates the distribution of off-roadway
crashes that involved at least one commercial vehicle. Tables B-1-B-22 present detailed
statistics of off-roadway crashes involving commercial vehicles.

PR Off-Roadway Crashes
211,000 Vehicles

1

Single Vehicle Crash Backing Crash Other Crash Type No Impact
78.7% 11.1% 9.5% 0.7%
| EdgégDepaﬂure | | Edge Departure | | Evasive Maneuver
L A 64.0% 77.5%
| Control Loss || Evasive Maneuver || Edge Departure
o 218% 33.5% . 13.8% |
| Evasive Maneuver Control Loss | | - Control Loss
17.9% 1.3% 487
|| Vehicle Failure Vehicle Failure || Vehicle Failure
2.7% 1.1% 4.0%

Figure B-1. Distribution of Off-Roadway Crashes Involving Commercial Vehicles
" (Based on 1996-1998 GES)
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Table B-1. Target Off-Roadway Pre-Crash Scenarios for Commercial Vehicles

(Based on 1996-1998 GES)
. Relative Cumulativecummzftwe,
Pre-Crash Scenario Frequency " Relative
Frequency*| Frequency
Frequency*
(Going straight and departed road edge 44,000 32.5% 44,000 32.5%
Initiating a maneuver and departed road edge 37,000 27.4% 81,000 59.9%
Going straight and Jost control 18,000 13.4% 99,000 73.4%
Negotiating a curve and lost control 12,000 8.9% 111,000 82.2%
Negotiating a curve and departed road edge 10,000 7.2% 121,000 89.4%
Initiating a maneuver and lost control 6,000 4.1% 127,000 93.5%

*Scenario crash frequency relative to the frequency of target crash population (136,000)
Note: Frequency values are rounded to the nearest 1,000.

Table B-2. 95% Confidence Bounds of Target Off-Roadway Pre-Crash Scenario Counts
for Commercial Vehicles (Based on 1996-1998 GES)

. Lower 95 % Upper 95 % Confidence
Pre-Crash Scenario Frequency | Confidence Bound Bound
Going straight and departed road edge 44,000 35,000 53,000
Initiating a maneuver and departed road edge 37,000 29,000 45,000
Going straight and lost control 18,000 13,000 23,000
|Negotiating a curve and lost control 12,000 9,000 15,000
[ Negotiating a curve and departed road edge 10,000 7,000 13,000
Initiating a maneuver and lost control 6,000 4,000 8,000
Total 127,000 16,000 238,000

Table B-3. Distribution of Vehicles Movements in “Initiating a Maneuver” Scenarios

* refers to a crash count below 500
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(Based on 1996-1998 GES)
Maneuver .
Cunmilative
Pre-Crash Scenario . Passing or Slowing or . . Total
Turning " Parki : Me Starting Total
__ Changing | "™ | topping | V"

Initiating a manewverand | g0 0 | 00 5.7% 2.3% 0.8% 07% | 1000% | 37,000
departed road edge

Initiating a manewver and o5 <o | 7 5o 00% | 100% | 69% | 00% | 1000% | 6000

lost control
Average] 85.1% | 4.5% 5.0% 3.3% 1.6% 0.6% | 100.0%
Cumilative Total] 36,000 | 2,000 2.000 1,000 1,000 * 43,000




Table B-4. Distribution of Off-Roadway Pre-Crash Scenarios by Roadway Type for

Commercial Vehicles (Based on 1996-1998 GES)

Non-Freeway Freeway
Pre-Crash Scenario Relative Relative
Frequency Frequency

Frequency Frequency

Going straight and departed road edge 36,000 34.7% 8,000 35.3%
Initiating a maneuver and departed road edge 36,000 34.1% 1,000 6.2%
Going straight and lost control 10,000 9.6% 8,000 37.2%
Negotiating a curve and lost control 10,000 9.2% 2,000 11.0%
Negotiating a curve and departed road edge 8,000 7.8% 2,000 7.0%
Initiating a maneuver and lost control 5,000 4.6% 1,000 32%
Total] 105,000 100.0% 22,000 100.0%

Note: 75.1% of freeway crashes occurred on interstate highways
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Table B-5. Distribution of Target Off-Roadway Pre-Crash Scenarios on Non-Freeways by
Land Use and Relation to Junction for Commercial Vehicles
(Based on 1996 — 1998 GES)

Pre-Crash Scenarios | Land Use - - Relfitlonshl to Jur!ctlon
[Non-Junction{Intersection] Driveway | Ent/Exit Ramp] Other Total
;“;1, 89.4% 72% 12% 0.3% 2.0% 100.0%
Going Straight and (U b o)
Departed Road Edge rban 84.6% 15.2% 0.0% 0.2% 0.1% 100.0%
(41.8%)
(36,000) o
DXDOWRY 59 3¢5 0.7% 0.0% 0.0% 0.0% 100.0%
(1.8%)
Rural 12.0% 76.3% 10.2% 0.0% 1.5% 100.0%
o (58.0%)
Initiating a Manuever Trb
and Departed Road rban 15.4% 75.5% 8.8% 0.2% 0.1% 100.0%
(38.2%)
Edge (36,000) Unknown
0.0% 77.6% 20.9% 0.0% 1.5% 100.0%
(3.8%)
Rural
(61.3%) 82.9% 15.1% 0.2% 1.4% 0.5% 100.0%
Going Straight and Urban
Lost Control (10.000) | (30.3%) 71.2% 25.2% 0.0% 1.5% 2.0% 100.0%
Unknown | ¢/ oo 13.4% 0.0% 0.0% 4.8% 100.0%
(8.5%)
Rural 93.9% 0.0% 0.0% 5.9% 02% 100.0%
Nesotiati (80.7%)
egotiating a Curve Trh
and Lost Control roan 73.6% 3.1% 0.0% 22.0% 1.3% 100.0%
(6.5%)
(10,000) Unknown
(12.8%) 97.8% 0.0% 0.0% 22% 0.0% 100.0%
(;)“;2) 99.3% 0.5% 0.0% 02% 0.0% 100.0%
Negotiating a Curve T ‘bao
and Departed Road oan 95.0% 1.5% 0.0% 3.4% 0.0% 100.0%
(9.1%)
Edge (8,000) T —
10.1%) 97.8% 12% 0.0% 1.0% 0.0% 100.0%
Rural 2.1% 72.1% 14.9% 7.4% 3.5% 100.0%
" (63.3%)
Initiating 2 Manuever Orb
and Lost Control G Or ;;) 37.2% 62.4% 0.0% 0.4% 0.0% 100.0%
(5,000) Unk-no:vn
1.4% 98.6% 0.0% 0.0% 0.0% 100.0%
(6.2%)
Average]  59.2% 34.6% 4.1% 1.1% 1.0% 100.0%
Cumulative Total| 62,000 36,000 24,000 1,000 1,000 | 105,000
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Table B-6. Distribution of Target Off-Roadway Pre-Crash Scenarios on Freeways by Land
Use and Relation to Junction for Commercial Vehicles (Based on 1996~ 1998 GES)

. Relationship to Junction
Pre-Crash S s JLand Use
T cenario Non-Junction Intersection| Driveway [Ent/Exit Rampl Other Total
7111“8?; 97.4% 1.0% 0.0% 0.4% 12% | 100.0%
Going Straight and (U - o)
Departed Road Edge 1 Sr 1%;) 89.5% 0.0% 0.0% 9.6% 0.8% 100.0%
(8,000) e
Unknown
(13.9%) 95.1% 0.0% 0.0% 0.0% 4.9% 100.0%
Rural 13.6% 52.4% 0.0% 34.1% 0.0% 100.0%
Initiati (64.5%)
nitiating a Manuever Urban
and Departed Road r 82.8% 0.0% 0.0% 17.2% 0.0% 100.0%
(29.6%)
Edge (1,000) Unk
NXNOWRY 45 5% 0.0% 0.0% 24.6% 00% | 100.0%
(5.9%)
Rural
(T1.2%) 85.1% 0.8% 0.0% 1.9% 12.3% 100.0%
Going Straight and Lost} Urban
Control (8,000) (18.5%) 96.3% 0.0% 0.0% 3.7% 0.0% 100.0%
Unknown
(103%) 90.5% 0.0% 0.0% 0.2% 9.3% 100.0%
Rural
(39.4%) 53.9% 0.0% 0.0% 46.1% 0.0% 100.0%
Negotiating a Curve and] Urban
Lost Control (2,000) (41.4%) 68.0% 0.0% 0.0% 29.6% 2.4% 100.0%
Unknown
(192%) 49.6% 0.9% 0.0% 49.5% 0.0% 100.0%
(SRSU;;I 24 8% 0.0% 0.0% 75.2% 0.0% 100.0%
Negotiating a Curve and Uri) 6)
Departed Road Edge an 32.8% 0.0% 0.0% 67.2% 00% | 100.0%
(2,000) (35.0%)
Unknownp ¢ 50 0.0% 0.0% 36.7% 0.0% 100.0%
(6.7%)
71{1“;?71 56.6% 6.2% 0.7% 57% 309% | 100.0%
Initiating a Manuever (U b 0)
and Lost Control a 3r ;;) 48.3% 25.3% 0.0% 20.7% 5.8% 100.0%
(1,000) =2
Unknown
(15.7%) 80.0% 12.7% 0.0% 7.3% 0.0% 100.0%
Average 79.3% 2.9% 0.0% 12.7% 5.0% 100.0%
Cumulative Total 17,000 1,000 * 3,000 1,000 22,000

* refers to a crash count below 500
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Table B-7. Distribution of Number of Lanes in Target Off-Roadway Pre-Crash Scenarios
on Undivided Non-Freeways for Commercial Vehicles (Based on 1996-1998 GES)

. Number of Lanes Cumulative;
Pre-Crash Soenario 1] 2] 3] a1 51 61 57 oo | Tow

Going straight and departed road edge 0.8%[46.9%| 3.8%] 3.0% | 09% | 00%| 00% | 447% |1000%| 33,000
Initiating a maneuver and departed road edge 09%133.5%| 4.6% | 12.3%| 6.0% | 00%| 00% | 42.8% [1000%| 31,000
Going straight and lost control 0.0%|783%| 02%| 4.0% | 0.1% | 03%| 03% | 169% [100.0%| 9,000
Negotiating a curve and lost control 0.0%88.5%| 1.9%] 05% | 0.0% | 00%]| 00% | 90% |1000%| 9000
Negotiating a curve and departed road edge 00%]659%| 1.7% | 0.1% | 00% | 00%| 00% | 323% |1000%| 7,000
Initiating a maneuver and lost control 5.5%)|56.3%| 03% | 23% | 47% | 0.1%] 07% | 302% |1000%] 4,000

Average] 0.8%[513%] 32%] 57% | 25% | 00%] 01% | 364% |1000%
Curnulative Total{ 1,000]48,000{ 3,000 5,000 ] 2,000 | = * 34,000 94,000 |

* refers to a crash count below 500

Table B-8. Distribution of Number of Lanes in Target Off-Roadway Pre-Crash Scenarios
on Divided Non-Freeways for Commercial Vehicles (Based on 1996-1998 GES)

. Nuznber of Lanes Ciniative
Pre-Crash Scenario 1] 2] 3] 4] 5] 6] 27 |wmon °@| Toa
Going straight and departed road edge 12.6%| 38.1%| 9.9% | 2.8% ] 00%| 00%{ 00% | 36.7% | 1000%| 3,000
Initiating a maneuver and departed roadedee | 1.1% |41.7%| 27.7% | 5.8% | 00% | 00% | 00% | 23.8% | 100.0%] 5000
Going straight and lost control 31.0%)| 48.3%| 11.9%| 2.3% | 00%| 00%{ 00% | 64% | 1000%| 1000
Negotiating a curve and lost control 51.9%{26.7%| 2.8% | 00% ] 00%[ 59%| 00% | 12.7% | 1000%| 1,000
[Negotiating a curve and departed road edge 3.1% [17.6%| 1.1% | 00% | 0.0%] 00%| 00% | 782% | 100.0%] 1,000
Initiating a maneuver and lost control 0.8% | 6.9%| 109%| 00% | 0.0%] 00%| 00% | 81.4% | 100.0%| 1,000

Averagd] 11.4%] 36.5%] 163%] 3.4% [ 0.0%] 05%] 00% | 31.8% | 1000%]
Cumulative Total] 1,000 [ 4,000] 2000 * * * * 4,000 12,000 |

* refers to a crash count below 500

Table B-9. Distribution of Number of Lanes in Target Off-Roadway Pre-Crash Scenarios
on Freeways for Commercial Vehicles (Based on 1996-1998 GES)

* refers to a crash count below 500
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. Number of Lanes Cumlative
Pre-Crash Scenario 1 2 1 3] a] 5] 6 [ukoown 2| Tota
Going straight and departed road edge 5.7% | 67.8%117.3%| 2.4%| 04%] 00%| 64% | 100.0% | 8,000
Initiating a maneuver and departed road edge | 32.7% | 19.3%| 0.6% | 0.6% | 0.0%] 0.0%| 469% | 100.0% | 1,000
Going straight and lost control 1.1% | 68.1%{20.5%| 72% | 0.7%]00%| 2.4% | 1000% | 8,000
Negotiating a curve and lost control 32.0% | 51.6%] 8.0% ] 2.6% | 05%| 22%| 3.1% | 1000% | 2,000
[Negotiating a curve and departed road edge 48.7% | 43.1%] 1.5%] 05% | 0.0%]0.0%| 6.3% | 100.0% | 2,000
Initiating a maneuver and lost control 5.3% |58.0%]29.6%| 5.1% | 0.7%]00%| 14% | 1000% | 1,000

Average] 11.6% | 61.1%]15.7%| 4.1%] 0.5%] 03%| 6.9% | 100.0%

Curmulative Total] 3,000 | 13,000 3,000{ 1,000f * * 1 1,000 22,000



Table B-10. Distribution of Posted Speed Limits in Target Off-Roadway Pre-Crash
Scenarios on Non-Freeways for Commercial Vehicles (Based on 1996-1998 GES)

* refers to a crash count below

500

. Posted Speed Limit (ogh Gunniative
Pre-Crach Sceverio N 5] D] B|H]| S5 D] 5 &16] ™| 1
Going straight and departed road cde 30%)| 412%) 94% | 112%| 05%)| 107%) 2.1% | 138%] 03%| 18%] 00%] 1000%] _ 36000
Tritizting 2 reneuver and depertadroadedge | 49%) 31.8%| 126%] 262%| 101%) 5.1% | 16% | 68% | 02%] 00%] 08% | 1000%] 36000
Going straight and lost cortrol 5% 83% | 78% | 140%] 3.1%] 159%)| 26% | 43.1%) 3.1%| 00%| 00%] 1000%| 10000
[Negotiating a curve and lost conirol 15%| 112%| 23% | 190%) 50%] 129%)| 3.1% | 416%| 1.7%| 1.7%| 00%] 1000%] 10,000
Negotizting acurve and departed roadede__| 90%| 22.5% | 47% | 18:8%) 3:8%| 96% | 0.1% | 308%] 00%| 0.1%] 00% | 1000%]| 8000
Tritiating a eneuver and lost conirdl 6% 374%| 66% | 11% | 46%] 144%)| 35%| 175%| 01%| 01%)| 1.6%] 1000%| _ 5,000
Averass] 40%] 32.5%] 92% | 17.1%] 48%] 96% | 20% | 183%] 0.7%] 08%] 03% | 1000%
Gurrtiative Total] 4,000] 34,000] 10,000] 19,000] 5000] 10000] 2,000 19.000] 1,000] 1,000] _* 105000

Table B-11. Distribution of Contributing Factors in Target Off-Roadway Pre-Crash
Scenarios on Non-Freeways for Commercial Vehicles
(Based on 1997-1998 GES)

Contributing Factors/Driver Circumstance Cumulati
Pre-Crash Scenarie |Alcohol or| Driver Driver . Hit/ h Total ug‘]:t:l ve
Drugs |Impaired {Distracted Speeding Run Other
IGoing straight and
departed road edge 0.4% 0.9% 7.0% 5.9% 48.1% | 37.7% |[100.0%| 29,000
[nitiating a maneuver and
departed road edge 0.0% 0.0% 2.2% 3.9% 16.6% | 77.2% |100.0%| 24,000
Going straight and lost
ot e AR o8 11% | 16% | 16% | 31.7% | 105% | 53.6% |100.0%| 7,000
Negotiating a curve and
lost control 0.4% 0.6% 5.7% 509% | 10.1% | 32.3% |100.0%| 6,000
INegotiating a curve and
departed road edge 1.0% 1.8% 5.6% 13.4% | 29.7% | 48.5% {100.0%| 6,000
[nitiating a maneuver and
lost control 0.2% 0.0% 14.9% 27.3% 8.8% | 489% [100.0%| 3,000
Averagel 0.4% 0.7% 5.1% 127% | 28.5% | 52.8% {100.0%
Cumulative Total * 1,000 4,000 10,000 | 22,000 | 40,000 76,000 I

* refers to a crash count below 500
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Table B-12. Distribution of Environmental Conditions in “Other” Target Off-Roadway Pre-
Crash Scenarios on Non-Freeways for Commercial Vehicles (Based on 1997-1998 GES)

Day Dark
. lai
Pre-Crash Scenario  |Clear|Clear &AdverseAd‘grSe Clear & | Clear & | Adverse |Adverse &| Total Cur;:t:]we
. . 0
& DrySlippery| & Dry Shippery Dry |Slippery| & Dry | Slippery
Going straight and
epatod roed odge 68.7%| 3.7% | 0.0% | 92% | 87% | 60% | 00% | 37% [100.0% 11,000
t=)
Tnitiat d
ieparted road odge - [650%| 57% | 00% | 65% | 173% | 36% | 00% | 19% [1000% 19,000
£=)
g‘:;if“a‘ght andlost s 0| 31.8% | 00% | 149% | 15% | 1.0% | 79% | 149% [1000% 4,000
Negotiati d
o contey VM 52 6%| 17% | 0.0% |243% | 177% | 03% | 0.0% | 35% [100.0% 2.000
Negotiati d
tepartod rond odge  [60.8%| 03% | 08% | 24% | 125% | 05% | 0.0% | 228% [100.0% 3.000
o
Initiating a maneuver and
ot conneol 39.4%| 31.4% | 0.0% | 24.6% | 2.5% | 00% | 0.0% | 22% [100.0% 2,000
Averagel60.6%| 8.1% | 0.1% | 93% | 125% | 3.5% | 08% | 52% [100.0%
Cumulative Total24,0000 3,000 | * | 4000 | 5000 | 1,000 * 2,000 40,000 |

* refers to a crash count below 500

Table B-13. Distribution of Environmental Conditions in Target Off-Roadway Pre-Crash
Scenarios Cited with Speeding on Non-Freeways for Commercial Vehicles
(Based on 1997 - 1998 GES)

Day Dark
Pre-Crash Scenario Cl;:‘r Clear & Adverse Ad\grse Clear & | Clear & | Adverse Adverse &| Total Cur;:tl;tlve
Dry Slippery| & Dry Slippery Dry [Slippery| & Dry | Slippery
Going straight and
epniod rosd odge  PO4%| 00% | 0.0% | 398% | 46% | 00% | 52% | 00% [100.0% 2.000
[nitiating d
ieparted road edgo  644% 42% | 0.0% | 13% | 295% | 00% | 0.6% | 00% [100.0% 1000
oing straightand lost 1 290 28.0% | 0.0% | 22.5% | 120% | 27% | 127% | 00% [100.0% 2,000
Negotiating d
o oot Ve o4 6% 03% | 00% | 70% | 17.1% | 32% | 79% | 00% [1000% 3,000
Negotiating d
epatod road odge . 67:0% 00% | 0.0% | 105% | 225% | 00% | 00% | 00% [100.0% 1000
Initiating a maneuver and
st conol 26.7% 0.3% | 0.0% | 5.6% | 283% | 0.0% | 392% | 00% [100.0% 1,000
Averaged8.6%| 7.3% | 0.0% | 163% | 162% | 1.6% | 10,0% | 0.0% ]100.0%
Cumulative Total5,000] 1,000 | * | 2,000 | 2000 | _* | 1,000 | * 10,000

* refers to a crash count below 500
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Table B-14. Distribution of Contributing Factors in Target Off-Roadway Pre-Crash
Scenarios on Freeways for Commercial Vehicles (Based on 1997 - 1998 GES)

Contributing Factors/Driver Circumstance Cumulati
Pre-Crash Scenario |Alcohol or| Driver Driver Total | “"o-2 tve
. . . . Total
drugs | impaired | Distracted Speeding Hit/Run | Other
Going straight and
departed road edge 2.5% 14.8% 9.5% 9.8% 2.8% 60.6% |100.0% 6,000
Initiating a maneuver and
departed road edge 0.0% 0.0% 0.5% 0.0% 0.0% 99.5% [100.0%| 1,000
Goti traight and lost
o A ane s 18% | 2.9% 19% | 439% | 00% | 49.6% [100.0% 4,000
ntrol
INegotiating a curve and
lost control 1.1% 0.0% 1.1% 48.9% 0.0% 49.0% (100.0% 2,000
Negotiating a curve and
departed road edge 0.7% 8.5% 2.5% 30.3% 0.0% 58.1% {100.0% 1,000
[nitiating a maneuver and N
lost control 0.0% 0.0% 0.8% 43.3% 0.0% 55.9% |100.0%
Averagel 1.7% 7.3% 4.7% 26.4% 1.1% 58.9% {100.0%
Cumulative Total * 1,000 1,000 4,000 * 9,000 15,000 |

* refers to a crash count bzlow 500

Table B-15. Distribution of Environmental Conditions in “Other” Target Off-Roadway Pre-
Crash Scenarios on Freeways for Commercial Vehicles (Based on 1997-1998 GES)

Day Dark
: Cumulative
Pre-Crash Scenario |Clear | Clear & |Adverse & Adverse & | Clear & | Clear & |Adverse & Adverse & | Total Total
& Dry|Slippery| Dry Slippery Dry | Slippery | Dry Slippery
Going straight and 3
departed road edge 50.5%| 1.5% 0.0% 14.7% 29.5% 1.6% 0.0% 23% {100.0% 3,000
Initiating a maneuver
bind departed road edge |33-0%| 0.2% | 4.9% 4.4% 555% | 00% | 0.0% 19% [100.0%| 1,000
f:};::‘rils“mgh‘ andlost o5 g\ 126% | 2.5% | 226% | 213% | 0% | 0.4% 140% |100.0%| 2,000
INegotiating a curve and
lost control 36.5% 0.7% 0.0% 11.1% 39.9% 0.3% 0.0% 114% }100.0% 1,000
INegotiating a curve and
departed road edge 76.4%| 0.0% 0.0% 0.0% 15.0% 0.0% 0.0% 8.6% [100.0% 1,000
nitiating a maneuver
d lost control 21.5%| 0.0% 0.0% 1.0% 69.0% 0.0% 0.0% 8.6% {100.0% *
Averagel41.7%| 3.8% 1.3% 13.4% 32.2% 0.9% 0.1% 6.7% 100.0%
Cumulative Totall 4,000 * * 1,000 3,000 * * 1,000 9,000

* refers to a crash count below 500
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Table B-16. Distribution of Environmental Conditions in Target Off-Roadway Pre-Crash
Scenarios Cited with Speeding on Freeways for Commercial Vehicles
(Based on 1997-1998 GES)

Day Dark
. - Cumulative
Pre-Crash Scenario Cl;zar Clear & | Adverse | Adverse & | Clear & | Clear & | Adverse | Adverse & | Total |"" 0 * ")
Dry Slippery | & Dry | Slippery Dry Slippery | & Dry | Slippery
Going straight and
departed road edge  [71.5%| 1.1% 8.0% 2.7% 11.3% 2.0% 3.4% 0.0% [100.0% 1,000
Initiating a maneuver
\and departed road 0.0%| 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 100.0% *
edge
IGO‘S’:‘;% ;gleght M 60w 74% | 00% | 415% | 70% | 19% | 363% | 00% [1000% 2,000
INegotiating a curve
knd lost control 062% 13% | 0.0% 24.4% 76% | 08% | 39.9% 00% [100.0% 1,000
egotiating a curve )
d departed road 74%| 0.8% 0.0% 1.4% 15.8% 0.0% 74.7% 0.0% 100.0% *
dge
nitiating a maneuver
d lost control 47.7% 0.0% 0.0% 12.7% 25.8% 0.0% 13.9% 0.0% [100.0%| *
Average22.1%| 4.2% 1.2% 27.1% 9.4% 1.4% 34.8% 0.0% 100.0%
Cumulative Total| 1,000 * * 1,000 * * 1,000 * 4,000

* refers to a crash count below 500

Table B-17. Distribution of Departure Side in Target Off-Roadway Pre-Crash Scenarios on
Non-Freeways for Commercial Vehicles (Based on 1996-1998 GES)

B-10

Departure Side Cumulative
Pre-Crash Scenario End Unk Total Total
Left Edge | Right Edge| Departure | =" 0""
Going straight and departed | o ., | 000 0.1% 107% | 100.0% | 36,000
road edge
Initiating a maneuver and | ) )00 | 45 5q 0.7% 34% |1000% | 36,000
departed road edge
Going straight and lost control|  29-0% 52.1% 7.2% 11.7% | 100.0% | 10,000
Negotiatinga curveand lost |, o0 | (020 0.0% 6.4% | 100.0% | 10,000
control
Negotiating a curve and 26% | 725% 0.0% 50% | 1000% | 8,000
departed road edge
Initiating a2 maneuver and lost
18.3% 66.2% 0.1% 155% | 100.0% | 5,000
control
Average] 21.7% 69.6% 1.0% 77% | 100.0%
Cumulative Total] 23,000 | 73,000 1,000 8,000 105,000_|



Table B-18. Distribution of Departure Side in Target Off-Roadway Pre-Crash Scenarios
on Freeways for Commercial Vehicles (Based on 1996-1998 GES)

* refers to a crash count below 500
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. Departure Side Cumulative
Pre-Crash Scenario Left Edge | Right Edge | End Departure | Unknown Total Total
Going straight and departed | =, 500 69.0% 0.0% 3.6% | 1000% | 8,000
road edge
Initiati
nitiating a maneuverand | o0 4o 41.6% 0.0% 00% | 1000% | 1,000
departed road edge
Going straight and lost control 56.0% 36.3% 0.0% 7.7% 100.0% 8,000
N tiati s
egotiating a curve and lost | 45 (o0 57.8% 0.0% 26% | 1000% | 2,000
control
Negotiating a curve and 40.0% 60.0% 0.0% 00% | 1000% | 2,000
departed road edge
Initiating a maneuver and lost
control 53.1% 45.7% 0.0% 1.1% 100.0% 1,000
Average| 43.1% 52.5% 0.0% 4.5% 100.0%
Cumulative Total] 9,000 11,000 * 1,000 22,000 |




Table B-19. Distribution of First Harmful Events by Target Off-Roadway Pre-Crash
Scenarios on Non-Freeways for Commercial Vehicles

* refers to a crash count below 500
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(Based on 1996-1998 GES)
. Pre-Crash Scenario Cumulative
First Harmful Event 1 3 3 n 3 3 Average Total
a - Rollover 6.5%] 4.1%| 17.9%| 30.7%} 15.6%| 204%| 10.3%| 11,000
Z S Jacknife 0.1%| 0.1%| 43%| 28% 0.6% 1.3% 0.9% 1,000
s Other 00%f 0.0% 00% 00% 00% 0.1% 0.0% *
8 Pedestrian 0.8%| 0.0% 0.0% 00%| 0.1% 0.0% 0.3% *
;‘1 § Veh in Transport 00%| 00%| 03% 00% 0.0% 0.0% 0.0% *
a % Parked Vehicle 66.9%| 30.7%| 16.1%| 4.1%| 22.2%| 18.5%| 38.2%| 40,000
e Other Object 08% 0.8%| 0.0% 00% 0.0% 0.0% 0.6% 1,000
Ground 00%] 0.0%| 0.0% 00% 0.0% 1.9% 0.1% *
Building 00%] 15% 0.0% 00% 0.0% 0.0% 0.5% 1,000
Impact Attenuation 0.0%] 0.0%| 0.0%] 00% 0.1% 0.0% 0.0% *
Bridge Structure 08%| 1.0% 03%] 02%] 0.0% 2.2% 0.8% 1,000
Guardrail 1.8%| 39% 3.7%| 18.6%| 24.4% 4.8% 6.1%] 6,000
;? Concr Traffic Barrier] 0.2%] 0.1%} 19% 12%| 0.1% 0.1% 0.4% *
& Sign Post 12.6%] 41.0%} 14.6%| 4.4%| 9.8%] 17.8%| 21.7%| 23,000
§ Culvert or Ditch 33%] 23%| 154%| 15.7%| 13.8% 2.5% 6.1%| 6,000
i Curb 09%| 09%| 2.1%| 04% 0.7% 0.9% 1.0% 1,000
g‘ Embankment 1.6% 0.0% T79%| 11.7% 5.4% 0.1% 2.8% 3,000
o Fence 0.4% 1.7% 6.4% 6.7% 0.0%)| 6.6% 2.2% 2,000
é-)_ Wall 00%| 0.8% 0.1% 0.3%| 0.1% 0.0% 0.3% *
8 Fire Hydrant 00%| 62% 00% 0.0%| 0.0% 6.3% 24%| 3,000
Shrubbery/Bush 00%| 08% 00% 0.0% 0.0% 0.0% 0.3% *
Tree 0.7%| 09%! 3.3% 2.6% 6.8%] 16.6% 24%| 3,000
Boulder 03%| 00% 03% 0.1% 0.0% 0.0% 0.2% *
Other Fixed Object 2.1%| 32%| 53%| 0.6% 0.2% 0.0% 24%| 3,000
Fix Object-No Detaill 0.1%} 0.0%] 0.0%| 0.0%| 0.0% 0.0% 0.0% *
Total] 100.0%| 100.0%| 100.0%| 100.0%| 100.0%| 100.0%| 100.0%
Cumulative Total] 36,0000 36,0001 10,000] 10,000 8,000 5,000 105,000 l
Key to Scenarios
1|Going straight and departed road edge
2|Initiating a maneuver and departed road edge
3] Going straight and lost control
4|Negotiating a curve and lost control
5|Negotiating a curve and departed road edge
6]Initiating a maneuver and lost control



Table B-20. Distribution of First Harmful Events by Target Off-Roadway Pre-Crash
Scenarios on Freeways for Commercial Vehicles (Based on 1996-1998 GES)

Freeway
First Harmful Event Pre-Crash Scenario Average Cumulative
1 2 3 4 5 6 Total
s g Rollover 247% 12.9%| 17.3% 24.8%| 12.0% 35.0% 5079 4000
z S Jacknife 03% 0.0% 9.6% 5.0% 0.0% 49% 4.49% 1,000
g Other 0.7% 0.0% 08% 0.1% 0.0% 0.0% 0.5% 0
o Pedestrian 00% 0.0% 0.0% 00% 0.0% 0.0% 0.0% 0
7'¢ | VehinTransport | 0.0% 00% 01% 00% 04% 00% 01% O
g % Parked Vehicle 249%| 24.1%| 4.8% 03% 24.8% 0.3% 13.8% 3,000
2 Other Object 0.0% 00% 00% 0.0% 00% 0.0% 0.0% 0
Ground 0.0% 00% 00% 0.0% 0.0% 0.0% 0.0% 0
Building 0.0% 00% 0.0% 00% 0.0% 0.0% 0.0% 0
Impact Attenuation 02% 0.0% 00% 02% 0.0% 0.0% 0.1% 0
Bridge Structure 07% 0.1% 42% 05% 0.7% 3.7% 2.1% 0
Guardrail 13.1%| 36.7%| 18.0%| 28.7%| 4.5%| 17.8% 17.7% 4,000
A Concr Traffic Barrier] 3.0%| 02%| 122% 79%| 5.1% 25.3% 7.6% 2,000
£ Sign Post 14.7%| 24.0%| 52% 52% 39.6%| 2.8% 12.1% 3,000
= | CulvertorDitch | 82%| 04%] 17.6% 146% 55% 39% 11.6% 3000
s Curb 02% 02% 04% 28% 1.1% 20% 07% 0
%1' Embankment 02% 0.0% 3.0% 3.1% 02% 2.0% 1.6% 0
g Fence 49% 00% 09% 00% 04% 0.0% 2.1% 0
< Wall 0.1% 00% 04% 1.5% 08% 2.2% 0.5% 0
a Fire Hydrant 0.0% 00% 00% 0.0% 0.0% 0.0% 0.0% 0
Shrubbery/Bush 0.0% 00% 03% 00% 0.0% 0.0% 0.1% 0
Tree 31% 14% 52%| 5.1% 5.0% 0.0% 4.0% 1,000
Boulder 0.0% 0.0% 0.0% 00% 0.0% 0.0% 0.0% 0
Other Fixed Object 03% 00% 00%| 03% 00% 0.0% 0.2% 0
Fix Object-No Detaill 0.7% 0.0%| 0.0% 0.0% 0.0% 0.0% 0.3% 0
Total 100.0%| 100.0%| 100.0%| 100.0%| 100.0%| 100.0%| 100.0%
Cumulative Totall 8,000 1,0000 8,000 2,000 2,0000 1,000 22,000
Key to Scenarios
1{Going straight and departed road edge
2[Initiating 4 maneuver and departed road edge
3Going straight and lost control
4Negotiating a curve and lost control
SNegotiating a curve and departed road edge
6nitiating a maneuver and lost control

* refers to a crash count below 500

B-13



Table B-21. Distribution of Maximum Injury Severity by Target Off-Roadway Pre-Crash
Scenarios on Non-Freeways for Commercial Vehicles (Based on 1996-1998 GES)

* refers to a crash count below 500

Maximum Injury Severity .
Pre-Crash Scenario Non Total Cumulative
None | Possible %% |Incapacitating| Fatal |Unknown Total
Incapacitating
' Toht and
Going straight and departed| o\ [ 5 000 5.1% 1.8% 05% | 09% | 1000% | 36,000
road ed&a
Tnitiat
nitiating a maneuver and | o o | 50 0.6% 0.0% 0.0% | 00% | 1000% | 36000
departed road edge
' ight and
Going straight and lost 711% | 14.1% 10.9% 3.6% 00% [ 03% | 1000% | 10,000
control
Negotiatingacurve and | o 1o [ ¢ 00 17.1% 7.8% 59% | 02% | 1000% | 10,000
lost control
ot
egotiatingacurveand | o o | <00 14.6% 9.2% 0.6% | 00% | 1000% | 8000
departed road edge
Initiating a maneuver and
lost confrol 853% | 6.2% 3.8% 47% 00% | 01% | 1000% | 5,000
Average] 84.1% | 63% 5.0% 2.6% 0.7% | 04% | 100.0%
Cumulative Total] 88,000 | 7,000 6,000 3,000 1,000 x 105,000

Table B-22. Distribution of Maximum Injury Severity by Target Off-Roadway Pre-Crash
Scenarios on Freeways for Commercial Vehicles (Based on 1996-1998 GES)

Maximum Injury Severity

Cumulative
Crash ' . Total
Pre-Crash Scenario None | Possible No'.‘ .| Incapacitating| Fatal | Unknown ° Total
Incapacitating
Going straight and departed| (000 [ 5, 13.0% 125% |08%| 07% |1000%| 8000
road edge
Initiating a maneuverand | ) o | 5 o0 1.2% 4.8% 00%| 00% |1000%| 1000
departed road edge
Going straight and lost 68.1% | 15.6% 9.2% 67% 05%| 00% |1000%| 8000
control
:Leng:r’:la““gac“”e andlostt 1 2 | 11.4% 15.9% 248% |07%| 00% |1000%| 2000
tiat 3
Negotiating a curve an 60.0% | 26.8% 3.5% 9.0% 00%| 07% |1000%| 2,000
departed road edge
Initiating a maneuver and
lost control 34.0% | 438% 12.2% 100% |00%| 00% |1000%| 1.000
Average] 64.0% | 133% 10.4% 109%  |06%] 03% | 1000%
Cumulative Total] 14.000 | 3,000 2.000 2,000 x > 33,000

* refers to a crash count below 500
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